2,829,010

G. T. MCcCLURE
FLUID PRESSURE BRAKE APPARATUS

April 1, 1958

Filed Oct. 26, 1953

6 Sheets-Sheet 1

6L - S¢
e 82 L2 . _
vz 9 52 m S
66 S j 9t 2V N
61 =
CH 20} ¢S vV v A0 V8 C7} OGS . ‘ g
$01 20t - m.&nx Ct 9CF €8 92
SOL eh mwﬁ T2 Yz AL 277 NGOV /avT f6r] GOt
vy T ) 6%L/5v} 2 20
i\ iflc =
<566 b 3 i gl ot
0t JH 4 g G/ 201
fole: H 2l 02}
@Oﬂ ] SILSIR No6H
N < AN
ToF V& 67 (NGTTIRHES /_,m&ow, ity
g 2EN96NI195 99 85
0 mo e~ O@,A 13 Clk—
nwo .m/o INAS VAN N2 © ;N. Jﬂ =
&3 ool \ NNk ToRsS dl
28 | mﬂ\m@ 29 ] NN . i
ca 9g\ 8 173 N R i
38 86 og NN J@/ﬂ NERE
28 INIETIENS /eis Do 1911]
G % v iz ‘ \\ LAy )
[ [32 oF sst]civ 6k ) Jood oot vei Gt I
6 G _ 81 202 F02 19} ¥JF G —
: _ 29} .
257 .
G 2! 7
F oI o >
3 &l ,
_ IS €9 aat PA /] Lz
7 1L

Glenn T. MeClure

BY

AT TORNEY



April 1, 1958 G. T. MCCLURE 2,829,010

FLUID PRESSURE BRAKE APPARATUS

Filed Qct. 26, 1953 . 6 Sheets—Sheet 2
{ ][ 41
\Y
© o R
g O
o g =t g
Y7 B8
rQ/[
N " '
op) ¥ “
S
K N o
S 2 , NAANQN o ©
E; 3 N
[\¥] < 77
O N
RN SN
N Qo N
(\]N
L9}
~N
INVENTOR.

Glenn T.McClure
BY

Adetherr 7 W
' AT TORNEY



April 1, 1958 G. T. MCCLURE - - 2,82‘9,010

FLUID PRESSURE BRAKE APPARATUS

Filed Oct. 26, 1953 6 Sheets-Sheet 3
'__'E"Lg.' ) 5
210 220 X
< 217
216
)
22
AR A
218 |
215 24 o . 3
INVENTOR.
Glenn 1. McClure
BY
dactber? G Aoimioten

AT TORNEY



April 1, 1958 G. T. MCCLURE 2,829,010

FLUID PRESSURE BRAKE APPARATUS

Filed Oct. 26, 1953 6 Sheets-Sheet 4

'Eig -4 307 301

247 ,
\5;15\“51?\ 293 zg‘o J 50z

205~
318 |
219~
214 N
201
32 TR
285
297 == I
LOE NN 2l
—d N
280277 Tf NG .
262 ——— N
282 Z N > =
286 il
2204 N |
293 N 3
292 29 4 '
2907288 ¢ 7
2872857284
266 \
289 | 264 | 6
267 265 263 : -
, . 214
.
NRAA800 88007
253 4
| ‘ Jll{_zte_ 220 219
249 — ~22!
316 <255 (252

.. 7 A INVENTOR.
- eee SJetenn I'MeClure

ﬁmﬁm

AT 7TORNEY



April 1, 1958 G. T. MCCLURE 2,829,010

FLUID PRESSURE BRAKE APPARATUS

Filed Oct. 26, 1953 _ 6 Sheets-Sheet 5
_Eig. 5
222 ’ 5 9
‘ "E”
32% 526 342 340 |
o0 524 329 (538 329 / 335 ||
5 525 (4 44 }[’ // AN \{\ I H E
328 2, N E\;%
331 % {
. 35-2 A = / V77 SN Z
335 = N ] ?_"
B
336 334 330 337 343 344 N
N )
& NN 3
S i Fi
5 29—
A

A INVENTOR.
Glenn T. MeClure
.BY .

HAltherr 7 ﬂé::mkb&*/

ATTORNEY



April 1, 1958 G. T. MCCLURE 2,829,010

FLUID PRESSURE BRAKE APPARATUS

Filed Oct. 26,. 1953 6 Sheets~Sheet 6
E‘Lg.é')
322
e 7 '
S0 o7 fo26 a2 mms
: 329/338 339 ) 340
325 X ,l\\/\ WAL \
328 “ F
531 \ )
332 =
3%5% S DML
3361 344 )
354 330 537 343 241 il hi\ rJ

360 384 [

| 460

& {22

|

: ﬂ/zm
u

AL S Y
348‘\ BAT 27 220
545

' INVENTOR,
Glenn T MeClure
BY
Atetberr & Soiimmesce
‘ AT TORNEY



United States Patent Of]

2,829,010
Patented Apr. 1, 1558

1ce

2,829,010
FLUID PRESSURE BRAKE APPARATUS

Glern T. McClure, McKeesport, Pa., assignor o West-
inghouse Air Brake Company, Wilmerding, Pa., a cox-
poration of Pennsylvania

Application October 26, 1953, Serial No. 388,189 .
26 Claims. (Cl. 393--35)

This invention relates to fiuid pressure brake equipment
and more particularly to the railway type adapted to be
controlled by variations in pressure in a brake pipe.

In the international movement of railway cars in Europe
there is a need for an improved brake controlling valve
device which may be employed on all types of cars of the
different nations and which will operate in harmony with
the various brake controlling valve devices now in use
on the railroads of the different nations, and one object
of the invention is the provision of stich a brake control-
ling valve device.

The brake controlling valve devices now in use in Europe
are of the graduated release type and not required to
select between service and emergency rates of brake pipe
reduction as in the United States of America. More-
over, perhaps fifty to sixty percent of the cars being oper-
ated in frains in Burope may not be provided with any
brake equipment at all or with brake equipment which is
in an inoperative condition and are merely “piped
through.” It is customary to operate trains in which such
unbraked cars may be concentrated adjacent each other in
one section of a train, making it difficult to transmit a
reduction in brake pipe pressure from one braked car to
another through a train for applymg the brakes on the
brake-equipped cars.

Another object of the invention is the prov151on of an
improved brake controlling valve device for European
service having quick service means for positively trans-
mitting a reduction in brake pipe pressure in a desired

minimum of time from one braked car to another through

a whole train of such a type as described above, and for
positively insuring operation of the respective brake con-
trolling valve devices.

Another object is to provide for compensation of brake
cylinder leakage during an application of the brakes.

Another object is the preventlon of overcharge of brake
equipment.,

Another object is the provision for substantially uni-
form recharging of the reservoirs in a brake equipment
on a car and the brake equipments in a train and thereby
the uniform release of brakes on all cars following a
brake application.

Another cobject is the provision of a standard basic
braking unit of the European type which will attain the
objects set forth above and which will be conducive to
modifications to meet special requirements such as extreme
load conditions, extreme speed conditions, or special train
assemblage.

Other objects and advantages will become apparent
from the following more detailed description of the in-
vention along with the accompanying drawings, wherein:

Fig. 1 is a diagrammatic view of a fluid pressure brake
equipment embodying the invention;

Fig. 2'is a diagrammatic view, partly in section and
partly in outline, of the equipment shown in Fig. 1 modi-
fied in form to provide for a direct release without
graduatlon,

Fig. 3 is. a diagrammatic view, partly in section and
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partly in outline, of a portion of the embodiment shown
in Fig. 1 adapted to provide for empty car or loaded car
braking by manual selection;

Fig. 4 is a diagrammatic view, partly in sectlon and
partly in outline of a portion of the embodiment shown
in Fig. 1 adapted to provide for empty car or loaded car
braking by automatic selection;

Fig. 5 is a diagrammatic view, partly in secuon and
partly in outline, of a portion of the embodiment shown in
Fig. 1 adapted to provide for speed-controlled braking;
and, -

Fig. 6 is a diagrammatic view of another embodiment
of invention which provides for braking on both trucks
of a railway car.

DESCRIPTION

As shown in Fig. 1 of the drawings, the brake equip-
ment embodying the invention comprises a brake con-
trolling valve device 1 adapted to operate in response to
a reduction in pressure in a brake pipe 2 to control the
supply of fluid under pressure from a supply reservoir,
hereinafter referred to as an auxiliary reservoir 3, to a
brake cylinder device 4 to apply brakes on a car and

-adapted to respond to charging of said brake pipe with

fluid under pressure by charging said auxiliary reservoir
with fluid under pressure and by releasing fluid under:
pressure from said brake cylinder device:

.The brake controlling valve device 1 comprises a plpe
bracket 5 to which the brake pipe 2, a control reserveir
6, the auxiliary reservoir 3, and the brake cylinder device
4 are adapted to be connected. On one face of the pip¢
bracket. 5 a cut-out valve device 7 is adapted to be
mounted, on another face a brake cylinder limiting valve
device 8 is adapted to be mounted, while on 2 third face
the graduated conirol portion 9 is adapted to be mounted.

The cut-out valve device 7 comprises a casing having a
bore 10 in which is slidably mounted a plunger 11 which
is reduced intermediate its .ends so as to define within said
bore a chamber 12. With the plunger 11 in the position
shown in Fig. 1 the chamber 12 will connect a passage
13 leading to the brake pipe 2 to a passage 14 leading
to the graduated control portion 9.

A spring 15 contained in the bore 1§ urges a plunger
11 downwardly into abutting contact with the upper end
of a pusher stem 16 slidably mounted in the casing. The
other end of the pusher stem 16 engages one end of a
follower 17 which is rockably mounted at its other end
on a stud 18 secured in the casing. The free end of the
follower 17 is adapted to ride an inclined surface 19 of a
cam 20 rigidly secured on a shaft 21 rotatably mounted
in the casing for operation by a handle indicated at 22.

With the handle 22 in the position designated at I, in
which it is shown in Fig. 1, the cam 28 is in a position
to permit spring 15 to press the plunger 11 into a position
in which brake pipe 2 is connectéd to graduated control
portion 9 by way of the passage 13, the chamber 12 and
the passage 14. Upon rotation of the handle 2 in a
counterclockwise direction to a position designated at II
the cam 20 will permit spring 15 to actuate the plunger
11 downwardly until chamber 12 is out of register with
passage 13 and communication between brake pipe 2 and
control portion 9 is cut off thereby.

In addition to the cut-out valve device 7 just described,
the brake controlling valve device 1 further comprises a
charging or cut-off valve device 23, a quick service valve
device 24, an inshot valve device 25 and a service selector
valve 26.

The graduated control portion 9 comprises a dia-
phragm 27 clamped about its periphery between two
sections of a casing and combining with said casing to de-
fine at one side a chamber 28 which is connected by
way of a passage and pipe 29 to the control reservoir 6, and
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to define at the other side a chamber 30 which is normally
open to brake pipe 2 through a passage 31 in a follower
stem 32, a chamber 33, passage 14, chamber 12 in the cut-
off valve portion 7 and passage 13, as shown in Fig. 1
of the drawings.: A spring 34 is mounted in chamber 28
between a portion of the casing and a spring seat member
35 slidably mounted in a stop member 36." As will appear
more fully later, the stop. membeér 36 serves to limit down-
ward movement of diaphragm.27 against the force of
spring 34 in response to arn eXcessive pressure of fluid
supplied to.chamber 30 from the brake pipe 2.

The follower stem 32 has formed integral therewith in
chamber 30 a follower plate 37 and extends downwardly
therefrom, as viewed in Fig. 1, through a central opening
in diaphragm 27 into chamber 28, where it makes screw-
threaded connection with a follower plate 38 and a locking
nut 39 for clamping the central portion of said diaphragm.

Extending upwardly from the follower plate 37, the
follower stem 32 is slidably mourted in a bore 40 formed
in the casing and is reduced at two places to define with-
in said bore the annular chamber 33 previously described
and an annular chamber 41 which is open by way of a
passage 42 to theseat of an auxiliary reservoir charging
check valve 43. 'Intermediate chambers 33 and 41 a pair
of sealing rings 44 are slidably mounted between the stem
32 and the wall of the bore 40 to prevent leakage of fluid
under pressure between said chambers.

The graduated control portion 9 further comprises a dia-
phragm 45 clamped about its periphery between two sec-
tions of the casing and combining with said casing to de-
fine at one side a chamber 46 which is open to atmosphere
by way of a vent port 47 and at the other side' a chamber
48 which is open through a choke 49 to a passage 50 lead-
ing to a chamber 51 in the control portion 9 and to a
brake cylinder inshot chamber 52 in the inshot valve de-
vice 25. The diaphragm 45 is clamped at its center be-
tween a follower 53 which extends through central open-
ings in said diaphragm and a follower plate 54 and makes
a screw-threaded connection with-a nut 55 in chamber
48. A spring 56 is mounted in chamber 48 between a wall
of the:'casing and the follower plate 54 for urging the dia-
phragm 49 downwardly toward the position in which it is
shown in the drawing. This position is the normal re-
lease position and is defined by contact of the follower plate
38 with the spring-pressed spring seat 35, which is effective
through the medium of pusher stem 57 extending through
an opening in a wall 58 between the upper end of bore 40
and chamber 46 and abutting follower stem 32 at its lower
end and follower 53 at its upper end, to define normal
release position of diaphragm 45. A sealing ring 59 is
mounted in a groove in the wall 58 and encircles the pusher
stem 57 to prevent leakage of fluid under pressure from
bore 40 to atmospheric chamber 46.

The diaphragm follower 53 has formed integral there-
with a follower stem 60 which extends upwardly through
the chamber 48 and a suitable bore 61 in the casing, in
which it is slidably mounted, into chamber 51 where its
upper end may engage a valve 62 contained therein. The
upper end of stem 60 is provided with an annular valve
seat 63 which seat encircles the mouth of a longitudinal
passage 64 in said stem which constantly registers with a
passage 65 constantly connected to atmosphere by way of
chamber 66 and passage 67 in service selector valve device
26, choke 68 and vent port 65, Thus, chamber 5%, which
is normally open to atmosphere will be closed off from
atmosphere upen upward movement of follower stem 690
and sealing engagement of valve seat 63 with valve 62.
A pair of sealing rings 70 are mounted in suitable grooves
in the stem 60 to make sealing contact with the casing and
prevent leakage of fluid under pressure from chambers 48
and 51 to the passage 65. The valve 62 is disposed within a
depending tubular element 71 rigidly secured in the casing
in chamber 51 and is adapted to rest on an inwardly ex-
tending lip 72 at the bottom of said element. A piston
valve 73 is slidably mounted in a bore 74 in coaxial align-
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ment within element 71 and follower stems 32 and 60 and
is arranged to abut the top of valve 62, as viewed in the
drawing, and urge it downwardly under the pressure of a
spring 75 operably mounted in the upper end of said bore.
A plurality of openings or ports 76 are arranged in a
circle around the wall of bore 74 at a point intermediate
its ends to connect said bore to an annular chamber 77
encircling the bore, which chamber is open to a passage
78 leading to the charging valve device 23 and open fo a
passage 79 leading ultimately to auxiliary reservoir 3 by
a route to be described later. = A restricted port or choke
80 which may connect bore 74 to chamber 69, is spaced
inwardly of the ports 76 for providing for a limited flow of
fluid under pressure from the auxiliary reservoir 3 to the
brake cylinder device 4 in the event of brake cylinder
leakage. A pair of sealing rings 81 are mounted in suit-
able grooves in the piston valve 73 for sealing engagement
with the wall of the bore 74 at opposite sides of ports 76
and 80 at a distance sufficient to close-all ports or to open
the brake cylinder maintaining port or choke 80 only.

The charging valve device 23 comprises a diaphragm
82 clamped at its periphery between two sections of the
casing and combining with the casing to define at one side
a chamber 83 which is connected to a passage 84 leading
to the inshot valve device 25 and at the other side a cham-
ber 85 which is open to atmosphere through a vent port
86. Contained in the chamber 85 in a diaphragm fol-
lower 87 which is urged outwardly by a spring 88, operably
mounted in chamber 85, to a charging position which is
defined by contact of the diaphragm 82 with a stop 89
formed in the casing in-chamber 83.

Formed integral with the diaphragm follower 87 is
a combined follower stem and piston valve 90 which is
slidably mounted in a bore 91 s0 as to define at its inner
end a chamber 92 which is always open to passage 78 and
may be connected, as shown in the drawing, to a passage
93 and a choke 94 to brake pipe passage 14. Outwardly
of chamber 92 a chamber 95 is defined by a reduced
portion of piston valve 90 and a wall of the bore 91,
which chamber is constantly open to chamber 92 by way
of a passage 96 formed in said piston valve.  Chamber
95 ‘may also be connected through a choke 97 to the
control reservoir passage 29. At each side of chamber
92 a pair of sealing rings 98 are mounted in suitable
grooves in piston valve 90 to prevent leakage of fluid
under pressure from chamber 95 through bore 91 'in
either direction.

The quick service valve device 24 comprises a dia-
phragm 99 clamped about its periphery between two sec-
tions of the casing with which said diaphragm combines
to define at onc side a chamber 100 which is constantly
open to a passage 101 leading to the auxiliary reservoir
3 by way of the brake cylinder limiting valve device 8 and
at the opposite side a chamber 102 which is always open
to passage 14. The diaphragm 99 .is clamped at its
center between a follower 103 which extends through
central openings in said diaphragm and a follower plate
104 to make screw-threaded connection with a nut 105
in chamber 106. Formed integral with follower 103
is a follower stem 106 which is slidably guided in a bore
107 formed in the casing which bore is open to chamber
192 and to a passage 108 leading to a quick service volume
169. A reduced portion 110 of stem 106 defines in
part a chamber 111 within bore 107 which may connect

5 passage 108 through a port 112 to chamber 102 upon in-

ward deflection of diaphragm 102 from normal position
defined by contact of follower plate 104 with a stop 113
formed in chamber 100, as shown in Fig. 1 of the draw-
ings. The inner end of the follower stem 106 is pro-
vided with a pair of sealing rings 114 which, in normal
position of said stem, bracket the mouth of passage 108
so as to prevent leakage of fluid under pressure between
chamber 102 and said passage.

The inshot valve device 25 comprises a diaphragm 115
clamped about its periphery between .two sections of the
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casing with which it combines to define at one -side a°

chamber 116 which is ‘open to atmosphere by way of a .

vent port 117 and at the other side a chamber 118 which
may be connected to a chamber 119 which is connected
to the brake cylinder device 4 by way of a passage 120,
a choke 121 and a passage and pipe 122. The center of
the diaphragm 115 is clamped to a. follower stem 123
by means of an integral follower plate 124 contained in
chamber 118 and a follower plate 125 in chamber 116
secured to said stem by means of a nut 126. A valve 127
is operably mounted in chamber 118 for controlling the
flow of fluid under pressure between chambers 118 and
119, the valve being slidably guided in"a cylindrical por-
tion 128 formed on the upper face of the follower plate
124. A pusher stem 129 is held in abutting contact with
the upper face of the valve 127 by means of a spring
130 interposed between a wall of the chamber 119 and
a spring seat 131 carried on the said stem. The pusher
stem 129 extends through a suitable opening in the cas-
ing, in which it is slidably guided, into the inshot chamber
52 for operation of an inshot valve 132 mounted therein
against the force of a bias spring 133 which constantly
urges said valve toward its seated position in which com-
munication of chamber 52 to the brake cylinder device
4 by way of a passage 134 and passage 122 is cut off.
Leakage of fluid under pressure between chamber 119
and passage 134 is prevented by a sealing ring 135 carried
in a suitable groove in the pusher stem 129.

The follower stem 123 is further provided with two,
spaced-apart’ reduced portions 136, 137 with a bore
138 provided in the casing for slidably.guiding said stem
and forming within said bore a pair of chambers 139
and 140, respectively. The chamber 139 is connected to
chamber 118 by way of a longitudinal passage 141
formed in the stem 123 and a fitting 142, upon which
the valve 127 is supported, and may be connected to at-
mosphere by way of a passage 143, chamber 116 and
vent port 117, as shown in Fig. 1. With stem 123 posi-
tioned as shown in the drawing chamber 140 will connect
a passage 144 leading from the quick service volume 109

- to passage 84 which is connected to chamber 83 in the
charging valve device 23 and through a choke 145 to the
brake cylinder passage 50. A control spring 146 is op-

eratively mounted in chamber 116 between a portion of.

the casing and the follower plate 125 so as to normally
hold the follower stem 123 in the position shown, in which
position inshot valve 132 is held unseated by spring 146
acting through the medium of stem 129 and valve 127
is held seated by contact with fitting 142. The lower
end of the bore 138 is open to atmosphere by way of
a vent port 147. A sealing ring 148 is mounted in a
suitable groove in the follower stem 123 within the bore
138 to prevent leakage of fluid under pressure between
chambers 116 and 139. Likewise, a sealing ring 149
will prevent leakage between chambers 139 and 140, and
a sealing ring 156 will prevent leakage from chamber
140 to atmosphere through bore 138 and vent port 147,

The brake cylinder limiting valve device 8 comprises
a casing containing a diaphragm 151 clamped about its
periphery between two sections of the casing so as to de-
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is operably mounted in chamber 159 for controlling com-
munication between said chamber and passage 160 and
thereby between auxiliary reservoir 3 and the chamber
77 in the graduated control portion 9. This valve 161
is held in its normal unseated position by a pusher stem
162 slidably mounted in a suitable opening in the wall
158, which stem in chamber 154 abuts the follower 155
which is subject to the force of a control spring 163.
The valve 161 is held in contact with the lower end of the
pusher stem 162 by force of a bias spring 164 contained in
chamber 159. Upon an increase in pressure of fluid in
chamber 154 to approximately ten pounds, this pressure
will deflect diaphragm 151 upwardly against the force
of control spring 163, thereby permitting spring 164 to
seat valve 161 to thereby cut off communication between
the auxiliary reservoir 3 and the graduated control por-
tion 9 and prevent further flow of fluid under pressure
from said auxiliary reservoir..

The service selector valve device 26 is manually ad-
justable to provide for different rates of application and
release of brakes on a car according to whether it is
passenger or freight service in which the car is to be
operated. To this end valve device 26 comprises a piston
valve member 165 composed of four spaced pistons 166,
167, 168 and 169 slidably mounted in a bore 170 in the
casing and defining therein a chamber 171 between
pistons 166 and 167, a chamber 172 between pistons 167
and 168, and the chamber 66 between pistons 168 and
169. A cover portion 173 closes the upper end of a
chamber 174 defined in bore 170 at the upper side of
piston 166, as viewed in Fig. 1, which chamber is open
to atmosphere through an opening 175 formed in said
cover portion. Interposed between cover portion 173
and piston 166 is a spring 176 which constanily urges
the piston valve member 165 downwardly. A sealing
ring 177 is provided in the periphery of piston 166 and a
pair of identical sealing rings 177 is provided in the re-
spective peripheries of pistons 167, 168 and 169 in. the
usual manner for preventing leakage of fluid under pres-
sure between adjacent chambers.

The lower end of the piston valve member 165, as
viewed in Fig. 1, extends downwardly into contact with
the free end of a follower 178 which is rockably mounted
at its other end on a stud 179 anchored in the casing.
The free end of the follower 178 is adapted to ride an
inclined surface 189 of a cam 181 rlgldly secured on a
shaft 182 rotatably mounted in the casing for operation by

a handle indicated at 183.

50

fine at one side a chamber 152, which is open to atmos- -

phere by way of a vent port 153, and at the other side
a chamber 154 which is constantly connected to brake
cylinder device 4 through the passage 122. The dia-
phragm 151 is clamped at its center between a follower
155 contained in chamber 152 and extending through
a central opening in said diaphragm and a follower plate
186 and making screw-threaded connection with a nut
157 in chamber 154,

A partition wall 158 separates chamber 154 from a
chamber 159 which is always open to auxﬂxary reservoir
3 by way of a passage and pipe 160 and is no1mally
connected to the passage 101 leading to chamber 168 in
the quick service valve device 24 and through passage
79 to chamber 77 in the control portion 9. A valve 161

65

70

76

With the handle 183 in position for freight service as
shown in Fig. 1, the plston valve member 165 will be in
its uppermost pos1t10n in which the rate of charging of
the auxiliary reservoir 3 will be controlled by a choke
184 interposed between passage 101 and a passage 185
leading to chamber 171 which is connected by way of a
passage 186 to a chamber 187 containing the charging
check 43 and a regulating spring 188. In freight service
position the rate of application will be controlled solely
by a choke 189 interposed between brake cylinder pas-
sage 122 and a passage 198 leading to chamber 172 which

.. is always connected by way of a passage 191 to inshot

chamber 52, and the rate of release will be controlled
solely by the choke 68 by the path previously described.
With the handle in position for passenger service as
shown in a broken line in Fig. 1, the piston valve mem-
ber 165 will be in its lowermost position, in which a choke
192 will be connected through a passage 193 to chamber
171 in parallel with choke 184 so that the combined flow
capacities of chokes 184 and 192 will be effective to
control the rate of charging of the auxiliary reservoir 3.
Also, in passenger service position a choke 194 will be
connected through a passage 195 to chamber 172 in par-
allel with choke 189 so that the combined capacities of
chokes 189 and 194 will become effective in controlling
the rate of brake application, and a ‘choke 196 will be
connected through a passage 197 to release chamber 66 in
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parallel with choke 68 so that the combined capacities of
chokes 68 and 196 will bécome effective to control the
rate. of ‘release of'a brake application.
OPERATION
With:the brake: equipment devoid of fluid under pres-
sure all parts will assume the positions in which they are

shown in the drawing, except ‘the manually adjustable
service selector valve device 26, which for the time being

will be assumed to be in freight position as shown, and ]

the cut-off valve device 7, which for the time being will
be assumed to be in position indicated at ¥, as shown in
the drawing.

Initial charging of the brake equipment

To initially charge the brake equipment on a train, as
well as recharging the brake equipment to efiect a release
of brakes after a brake application, it-is customary to
move the usual brake valve device (not'shown) first to
a release position for supplying fluid high pressure direct-
ly from the usual main reservoir on a locomotive to the
brake pipe 2 at the locomotive, and. then after a lapse of
a period of time, which varies according to different
conditions, the brake valve device will be moved to run-
ning. position to reduce the pressure of further supply of
fluid to said brake pipe to the normal degree at which it
is desired to maintain it.

The pressure in the brake pipe on about the first fifteen
cars of a train will therefore be initially increased to a
degree in excess of the degree normally carried, the de-
gree of such overcharge in the brake pipe being greatest
on the car coupled to the locomotive and decreasing from
car to car. back through the train from the locomotive,
and the above-mentioned time which the brake valve de-
vice is allowed to remain in release position is intended
to be so limited as to prevent overcharging of the brake
equipment on the cars on which the brake pipe is volun-
tarily overcharged.

When fluid under pressure is supplied .to the brake
pipe 2, as above described, such fluid will be supplied
through passage 13 to chamber 12 in the cut-out valve
device 7 whence it will flow by way of passage 14 to cham-
ber 33 in the graduated control portion 9, and thence
through passage 31 in the follower siem 32 to chamber
30. Fluid under pressure thus supplied to passage 31 will
also flow through chamber 41 and passage 42, past check
valve 43 which will be unseated against the pressure of
spring 188 into chamber 187, and thence through passage
186, chamber 171 in the service selector valve device

26 and passage 185, choke 184, and passage 101 to cham- .

ber 159 in the brake cylinder limiting valve device 8,
whence it will flow through passage and pipe 160 to aux-
iliary reservoir 3. Fluid under pressure thus applied to
passage 10%- will ‘also flow through choke 198 and the
passage. 79 to chamber 77 in the graduvated control valve
portion- 9, where it will be augmented by flow through
passage 78 from chamber 92 in the charging valve de-
vice 23 which is supplied with fluid under pressure from
brake pipe 2 by way passage 14, chcke 94 in pipe
bracket 5 and passage 93. Fluid under pressure thus
supplied to chamber 92 will also flow through passage
96 and choke 97 therein to passage 29, through which it
will flow to control reservoir 6 and ajso to chamber 28
in the graduated control valve device 9 where it will act
on diaphragm 27 in opposition to the pressure of fluid
in chamber 3¢ supplied from the brake pipe by the route
previously described. Fluid under pressure in passage
101 will also flow to chamber 100 in the quick service
valve device 24 where it will act on diaphragm 99, but
will not be sufficient to overcome the opposing pressure
of fluid in chamber 102 supplied through passage 14 at
brake pipe pressure. By reason of the restriction of
choke 184 in the rate of charging auxiliary reservoir 3
brake pipe pressure in chamber 102 will prevail, thereby
holding diaphragm 99 in a position defined by contact of
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follower plate: 104-with stop 113, in which position quick
service passage 108 will be closed off by-sealing rings 114,

Upon instituting initial charging of the brake- pipe 2
the- higher than normal brake pipe pressure obtained on
cars adjacent to the.locomotive will start to rush from
passage 14 through chamber 33 and passage 31 into
chamber 30 and .increase the pressure therein so rapidly
as to create a force on diaphragm 27 which will move
the -diaphragm 27, follower plate 37 and stem 32 down-
wardly from the positions in which they are shown in the
drawing against the force of spring 34 which is provided
to prevent overcharging of the auxiliary reservoir 3 and
control Teservoir 6, as will be described in detail later.

As diaphragm 27 thus moves downwardly, the follower
stem 32 will tend to block .off the opening of passage 14
to chamber'33 and on cars near the locomotives the pas-
sage 14 will actually be cut off from chamber 33. The
fluid under pressure thus supplied to chamber 30, how-
ever;, will promptly dissipate through the paths previously
described to charge the auxiliary reservoir 3 and the con-
trol reservoir 6. The resulting increase of pressure in
the control reservoir 6 gradually becomes effective in the
control reservoir pressure chamber, 28 at the - opposite
side of diaphragm 27 and by this action the pressures in
chambers 28 and 30 at opposite sides of diaphragm 27
will tend to equalize, as a result of which spring 34 will
gradually return the diaphragm and follower stem 19 to
the normal charging position shown in the drawing, in
which position charging continues as described above
until the equipment is charged with fluid under pressure
at a normal pressure.

VWhere the degree of overcharge of brake pipe is less,
as on cars farther back from the locomotive, the open-
ing of passage 14 to chamber 33 may initially fully close
25 on cars right at the locomotive, but will be promptly
recpenied to an extent necessary to maintain- sufficient
pressure in chamber 30 to counterbalance opposing pres-
sure of spring 34 and increasing pressure of fluid in cham-
ber 28 the same as on cars right at the locomotive.

Further back in the train where the brake pipe may
only become charged to the normal pressure carried, the
diaphragm 27 and follower stem 32 may be moved by
such pressure downwardly against spring 34 to a position
where the opening between passage 14 and chamber 33
will be sufficiently closed to so restrict supply of fluid
under pressure to chamber 30 as to limit the pressure
obtained therein in accordance with the build-up of pres-
sure in chamber 28, and finally toward the rear end
of the train where the pressures in the brake pipe will
only graduaily increase, the increase in pressure in cham-
ber 28 with respect to that in chamber 30 may be such
that the diaphragm 27 and follower 37 will be held by
spring 34 in the position in which they are shown in the
drawing with the said opening fully opened.

When the brake valve device is operated to reduce
the pressure of fluid supply to the brake pipe to the nor-
mal degree, the rate of supply of fluid under pressure to
chamber 39 in the brake equipment will be correspond-
ingly reduced and at the front of the train the diaphragm
follower ‘37 and stem 32 will be operated by spring 34
and pressure in chamber 28 to open the passage 14 to a
greater degree as necessary in accordance with the re-
duced brake pipe pressure to maintain the balance be-
tween pressure of fluid in chambers 28 and 3¢ and finally
when the conirol reservoir pressure in chamber 28 be-
comes. increased to within about séven-tenths of a pound
of the pressure of fluid in the brake pipe, spring 34 will
move the diaphragm 27 and follower stem 32 to normal
position, in which it is shown in the drawing, as will also
occur on any cars further to the rear in the train when
this same relationship of pressure is obtained.

With the passage 14 wide open the position of follower
stem 32 will not determine the rate of charging of the
brake equipment, said rate being then controlled by the
flow capacity of choke 94 of the auxiliary reservoir
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charging. choke 184 and the control reservoir charging
choke 97. In charging the brake equipments of a ftrain,

it will now be seen that near the front of the train the -

rate at which charging other brake equipments will
occur is limited to the flow capacity of the connection
between passages 14 and chamber 33 which is gradually
opened by spring 34 in accordance with the increase in
pressure in chamber 28 to maintain a substantially con-
stant rate of charging, while to the rear of the train
where the brake pipe is not overcharged the charging
rate will be limited to the capacity of chokes 94, 184,
198 and 97. ) ‘

The length of time in which the brake pipe at'the
front end of the train is overcharged, as above described,
is intended to be so limited that the register of chamber
33 with passage 14 will prevent overcharging of the
supply and control reservoirs at the front of the train, but
still sufficient to permit charging of said reservoirs to a
pressure substantially equal to normal brake pipe pres-
sure by the time the pressure of fluid supplied to the
brake pipe is reduced to normal. .The follower stem 32
thus not only prevents: overcharging of the brake equip-
ment at the head of the train, but also, due to its limiting
the amount of fluid under pressure taken from the brake
pipe for charging said reservoirs, causes a greater amount
of fluid under pressures to be more quickly forced back
through the train for charging the brake equipments there
through chokes 94, 184, 198 and 97, the combined re-
stricting effect of such chokes being such as to provide
as nearly as possible a uniform charging of such brake
equipments and as rapid a rate as possible. The brake
equipments at the rear of the train will therefore be
charged substantially uniformly at a maximum possible
rate and those at the front of the train at a maximum
permissible rate as governed by opposing pressures in
chambers 28 and 30 which normally will prevent over-
charging of the control and supply reservoirs at the front
of the train. .

In Europe the same cars may be included in trains
for either freight service or express service. The pre-
ceding description was for the charging of a car in a train
for freight service in' which a relatively large number
of cars are used and consequent to the time of charging
of each individual car is longer. For this type of service
the handle 183 of the service selector valve device 26 is
placed  in the position indicated in solid line at F in
Fig. 1 of the drawings. For passenger or express service
the bandle 183 is moved to a position indicated at P
by a broken line, in which position chamber 171 in the
bore 170 is adapted to register with passage 193 in ad-
dition to passage 185. In this position of handle 183
choke 192 is connected in parallel with choke 184, there-
by increasing the flow capacity of fluid under pressure
from the brake pipe to charging passage 101 and short-
ening the charging time for that particular brake equip-
ment. Since trains of this type-are short the need for
forcing fiuid under pressure from the brake valve to
the rear of the train is of relatively small importance.

If during charging of a train the brake valve device
should be allowed to remain for too long a time in the
position for supplying fluid under pressure directly from
the main reservoir to the brake pipe 2, then there is a

possibility that one or more brake equipments adjacent’

to the locomotive will become slightly overcharged. This
is undesirable for it is necessary that the pressure in
confrol reservoir 6 and chamber 28 be equal to normal
brake pipe pressure at the end of charging for proper
control of subsequent operation of the graduated con-
trol portion 9. If slight overchanging does: occur, how-
ever, then when the brake pipe pressure reduces to normal
the excess fluid pressure in the control reservoir 6 will
be dissipated back through passage 29, choke 97, pas-
sage 96 to chamber 92 in the charging valve device 23,

as will also auxiliary resevoir 3 by way of passage 160,

chamber 159, passage 101, choke 198, passage 79, cham-
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ber 77 and passage 78. The fluid under pressure thus.:
returning to chamber 92 in the charging valve device 23
will be dissipated back to brake pipe 2 by way of passage
93, a dissipating choke 199 and overcharge passage 200,
past an overcharge check valve 201, an overcharge cham-
ber 202, and brake pipe passage 14.

With chamber 52 in the inshot valve device 25 vented
to atmosphere through passage 50 past valve seat 63,
through passages 64 and 65 in the graduated control
portion 9, chamber 66 in the selector valve device 26,
passage 67, choke 68 and vent port 69, chamber 119
will also be connected to atmosphere by connection to -
chamber 52 through passage 120, choke 121, passage
122 and passage 134. With chamber 119 connected to
atmosphere valve 127 will be held on its seat by the ac-
tion of spring 146 ‘acting on diaphragm follower plates
125 and 124 in an upwardly direction. With diaphragm
115 and follower 124 and stem 123 in their upper posi-
tions chamber 118 is connected to atmosphere by way of
fitting 142, passage 141, passage 143, chamber 116, and
vent port 117. Also diaphragm follower stem 123 will
be in a position to connect quick service volume 149
through passage 144, chamber 140 and passage 84 to
chamber 83 in a charging valve device 23.

Effecting application of brakes

When it is desired to effect an application of brakes,
a reduction in pressure in the brake pipe 2 will be
initiated from the brake valve device on the locomotive
in the well-known manner. When the brake pipe pres-
sure is reduced as just mentioned, check valve 43 in the
graduated control portion 9 will prevent back-flow of
fluid under pressure from the auxiliary reservoir 3, al-
though there will be momentarily a slight trickle back
from the control reservoir 6 and auxiliary reservoir by
way of choke 97, passage 96 and passage 93 in the
charging valve device 23, which however, is of no conse-
quence during the operation now under consideration.
As a result, the pressure in brake pipe 2 on the first car

‘of the train will promptly reduce to that in the locomo-

tive and when reduced approximately eight-tenths of a
pound, for example, such reduction will be effected in’
chamber 102 in the quick service device 24 relative to
the pressure of fluid in chamber 199 which is at control
reservoir pressure, whereby a sufficient differential in
pressuies on opposite sides of diaphragm 99 will be
established to defiect. the diaphragm in the direction of
chamber 102 and move the follower stem 106 to a
quick service position defined by. contact of the left-
hand end of said stem with the end wall of bore 107.

In quick service position. of the follower stem 1¢6
chamber 102 will be connected to passage 188, where-
upon fluid at brake pipe pressure in said chamber wiil
flow rapidly into the quick service volume 109 where it
will approach: equalization with chamber 102 to thereby
effect a fast local reduction in brake pipe pressure of
approximately four pounds, for ¢xample. Fluid under
pressure thus supplied to quick service volume 109 will
flow through passage 144, to chamber 149 in the inshot
valve device 25, whence it will flow through passage 84
to chamber 83 to act on diaphragm 82 in the charging
valve device 23. -

When the- pressure. of fluid in- chamber 83 becomes
sufficient to overcome the opposing force of spring 88,
say three and five-tenths pounds, the diaphragm 82 will
move piston stem 90 inwardly to its cut-off position. In
this cut-off position of stem %0 chamber 95 will be out
of register with control reservoir passage 29 and brake
pipe passage 93 will be blocked off, which will cut off
control reservoir 6 from auxiliary reservoir 3 and auxiliary
reservoir 3 from brake pipe charging passage 93.

As previously noted, passage 84 'is connected through
choke 145 to brake cylinder passage 50, which passage -
is connected to -atmosphere through brake cylinder re-
lease passage 65 when the graduated control portion 9
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is' in release position as now assumed. Thus; the fluid
under pressure supply from brake pipe to quick service
volume: 109 through the quick service valve 24, will con-
tinue to flow {o atmosphere through choke 145 until the
control portion- ¢ moves out of its release position.
Sufficient fluid under pressure will' be maintained, how-
ever, in chamber 83 to hold the follower stem 9¢ in its
reserveir cut-off position described above. The reduc-
tion of brake pipe pressure thus effected will hasten the
reduction in pressure-in 'the brake pipe of the next op-
erating brake equipped car of a train where the guick
service valve device 24 will operate; as thus described, to
open a local vent from the brake pipe to hasten the
slight reduction to the next opérating brake equipped
car with train and thus serially, from one operating
brake equipment to ancther through the train; the re-
duction will be transmitted even though at intervals in
the train one or more ron-brake equipped car or cars
with non-operating brake equipment may be collected
together.

It wilt be further noted that since in Eurepe brake con-
trolling valve devices do not have to distinguish the dif-
ference between service and emergency rates of reduc-
tion in brake pipe pressure as in the United States, the
quick service reduction in brake pipe pressure effected by
operation of the quick service valve device 24 may be as
rapid as desired, which, in conjunction with the very low
differential in fluid pressure required to operate said
quick service valve device, permits any desired rate of
serial operation of, the quick service valve device in a
train.

When the pressure of fluid in the brake pipe 2 is re-
duced by operation of the quick service valve device 24
as just described, a corresponding reduction in pressure
will occur in chamber 30 of the graduated control por-
tion 9, and when the pressure in said chamber becomes
sufficiently reduced the control reservoir pressure in
chamber 28 wili deflect the diaphragm. 27 upwardly
against the rezduced brake pipe pressure until follower
stem 60 engages valve 71, and then against the additional
pressure: of spring 75 in bore 74 to a brake application
position defined by contact.of locking nut 55 with the
casing, as hereinafter described.

It is intended that diaphragm 27 deflects upwardly as
thus described, when brake pipe pressure in chamber 30
is reduced for example one and three-tenths pounds be-
low control reservoir pressure. in chamber 28. However,
if the diaphragm does not move upwardly upon such a
reduction of brake pipe pressure, then by operation of
the quick service valve device 24 the pressure in brake
pipe 2 and chamber 36 will continue to be reduced rela-
tive to control pressure in chamber 28 until a sufficient
differential between such opposing pressures on the dia-
phragm is obtained as to insure such movement. It will

thus be evident that the positive local quick service vent- :

ing of fluid under pressure from the brake pipe by oper-
ating of the quick service valve device 24 will insure
movement of the diaphragm 27 on a brake equipped car
even if located in a train to the rear of a bunch of two or
more non-brake equipped car or cars provided with brake
equipment which is not operating,

When the diaphragm 27 thus moves in response to the
reduction in brake pipe pressure in chamber 30, the fol-
lower stem 32 and attached diaphragm 45 will ‘move
therewith until valve seat 63 of said stem engages the seat-
ing surface of valve 62 by which communication will be
closed between the brake cylinder passage 50 and- brake
cylinder release passage 65. Then when the differential
and opposing pressures on the diaphragm 27 is further
increased sufficiently to overcome the bias pressure of
spring 75, the piston valve 73 will be moved to an ap-
plication position in which chamber 77 will be connected
to chamber 51, whereby fluid under pressure will flow
from the auxiliary reservoir 3 through pipe and passage
160, chamber 159 in the brake cylinder limiting valve
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device 8, passage 101, choke 198, passage 79, ports 76
and 80 to chamber 51, and thence to brake cylinder
passage 50 leading ‘to' inshot chamber 52 in the inshot
valve device 25, whence it may flow through passage 134
and pipe 122 to brake cylinder device 4, and also through
passage 191 and choke 189 to said brake cylinder pipe
122 with the selector valve device 26 in freight position,
as shown in the drawing.

Fluid under pressure thus supplied to brake cylinder
passage 122 will also flow through choke 121 and passage
128 to chamber 119 in the inshot valve device 28, where
it will act upon the seated area of the valve 127, which
is held seated by the pressure of spring 146 acting on
the follower plate 125 and through connected follower
plate 124 and fitting 142. The flow capacity of choke 121
is so related to the brake cylinder communication that
the rate of build-up of fluid pressure in passage 120 and
chamber 119 acting on valve 127 corresponds to the rate
at which fluid pressure is established in the brake cylinder
device 4. When the pressure in chamber 119, and concur-
rently in brake cylinder device 4, is thus increased to a
degree, such as ten pounds, the said pressure acting on
the upper side of valve 127 will overcome the opposing
pressure of spring 146 and thereby unseat said valve, per-
mitting fluid under pressure in chamber 119 to flow to
chamber 118 and act on diaphragm 115 in a downwardly
direction. Since the effective area of the diaphragm 115
is much greater than that of the valve 127, the unseat-
ing of said valve will provide a force so in excess of the
opposing force of spring 146 that the diaphragm and fol-
lower stem 123 will snap to its lowermost position in
which the atmospheric passage 141 to chamber 118 will
be cut off and chamber 140 which is connected to quick
service volume 109 will be moved out of register with
passage 84 leading to the charging valve device 23. This
downward- movement of follower stem 123 will permit
spring 133 to. seat the check valve 132, whereupon fur-
ther supply of fluid under pressure to the brake cylinder
device 4 will be limited to the flow capacity of choke 189
with the selector valve device 26 positioned as shown in
the drawing. As fluid under pressure is supplied to the
brake cylinder device 4 as just described, such pressure
will. also. flow through choke 49 to become effective in
diaphragm chamber 48 where it will act. in opposition to
control reservoir pressure in chamber 28 acting on dia-
phragm 27 plus the pressure of spring 34. - Assuming that
the reduction in-brake pipe pressure effected by operation
of the brake valve device is limited to some chosen de-
gree, then when the pressure obtained in the brake cylin-
der device 4 and in chamber 33 is increased to a chiosen
relation to the degree of brake pipe reduction in chamber
30, the brake cylinder pressure acting in chamber 48
will move.the diaphragms 45 and 27 connected by the fol-
lower stem 32 downwardly to an application lap position.
in which position piston valve 73 will again cut off com-
munication between auxiliary reservoir pressure chamber
77 and brake cylinder pressure chamber 51 to prevent
further supply of fluid under pressure to the brake cylin-
der device 4 thereby limiting the pressure in said brake
cylinder device in accordance with the degree in reduc-
tion of brake pipe pressure.  The application lap position
of the follower stem 32 is thus defined by the engagement
of the check valve 62 with the lip or inwardly extending
shoulder 72 which will limit the effectiveness of the
spring 75.

If the engineer desires to increase the degree of brake
application he will effect a further reduction in pressure
in brake pipe 2 according to the increase in degree of
brake application desired. In response to the consequent
reduction in pressure in chamber 3¢ the diaphragm 27
and connected diaphragm 45 will move upwardly. to
actuate the follower stem 32 and piston valve 73 to un-
cover the ports 76 and 80, whereupon fluid under pres-
sure will again be supplied from the auxiliary reservoir
3 to-the brake cylinder device 4 and chamber 48, and
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when the pressure in said brake cylinder device and cham-
ber becomes thus increased in proportion to the degree
of reduction in brake pipe pressure, the diaphragm as-
sembly will again move the follower stem 32 to applica-
tion lap position to lap ports 76 and 80 and thereby cut
off further supply of fluid under pressure to the brake
cylinder device and chamber 48. "By thus reducing the
brake pipe pressure in such steps as desired, proportional
increases in pressure may be provided in the brake cylin-
der device 4 to provide any selected degree of braking,
or if desired, the brake pipe reduction may be made in
a single stage resulting in a corresponding build-up in a
degree of brake application. Only the pressure of fluid
in the auxiliary reservoir 3 will .exceed that in the brake
cylinder device when what may be considered a full ap-
plication of the brake is effected, but if what may be
called an over-reduction in brake pipe pressure is effected,
or the brake pipe pressure is completely released to atmos-
phere, the pressure of fluid in the supply reservoir and
the auxiliary reservoir 3 will equalize into the brake cylin-
der device 4 -and chamber 48, but since diaphragm 45
is smaller than diaphragm 27, this will occur without
producing sufficient force on diaphragm 45 to move the
diaphragm assemblies and follower stem 32 out of the
position in which the ports 76 and 80 will remain lapped.

From the above description it will be clear that. an
application of brakes may be graduated on in any desired
steps or may be made in a continuous step if desired.
It will also be noted that closing of valve 132 in the
inshot valve device 25 will reduce the rate of brake appli-
cation to the flow capacity of choke 189. The valve 132
closes at a pressure in the brake cylinder device 4 which
is just efficient to displace the brake cylinder piston to
its application position but not sufficient to produce effec-
tive braking, in order to prevent damaging run-in of the
slack in a-train. Due to the use of the inshot valve de-
vice 7, therefore, provision is made for prompt displace-
ment of the brake cylinder piston so as not to materially
lengthen the time required to obtain an effective appli-
cation of the brakes. The choke 189 then governs the
rate of effective brake application for freight service and
will provide a sufficiently uniform rate. of brake appli-
cation throughout a train to decelerate it or to brmg it
to a stop without objectionable shock.

While an apphcatlon of brakes at a degree proportion-
al to the degree of brake pipe reduction is in’effect with
the graudated control portion 9 in application lap posi-
tion, if there should be leakage of fluid under pressure
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from the brake cylinder device 4, the resulting reduction

in pressure therein will create a like reduction in pres-
sure of fluid in chamber 48 acting on diaphragm 45 and
thereby in the force opposing control reservoir pressure

in chamber 28, and when such reduction’ has become

sufficient, the latter pressure will gradually move the
diaphragm assemblage upward.” The piston valve 73 mov-
ing upward with the diaphragm -assemblage will finally
start to-uncover the main brake cylinder maintaining port
80 and permit. fluid under pressure to flow from the
auxiliary reservoir 3 to the brake cylinder device 4 and
diaphragm chamber 48. The brake cylinder “maintain-
ing port 80 will thus remain open until the rate of supply
of fluid under pressure to the brake cylinder device and di-
.aphragm chamber 48 becomes sufficient to offset the leak-
age of fluid under pressure therefrom and prevent fur-
ther reduction in pressure in diaphragm chamber 48,
whereupon movement of the diaphragm assemblage will
cease in a position where the pressure of fluid under pres-
sure in the brake cylinder dev1ce will be maintained
against further drop.

If a brake application is in effect for a sufficient period
of time and leakage from the brake cylinder device 4. is
such that the pressure of fluid in the auxiliary reservoir
3 becomes reduced to that in the brake cylinder device,
which “would prevent further maintenance from the
auxiliary reservoir 3, but further maintenance is desired,
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communication connecting chamber 30 to the. auxiliary
reservoir passage 79 is provided in application lap posi-
tion through which pressure of fluid in brake cylinder
device 4 may be maintained from the brake pipe 2 by
flow of fluid under pressure from diaphragm chamber 30
through passage 31 to chamber 41 in follower stem 32
to passage 42, past check valve 43 to chamber 187, whence
it will flow through passage 186, chamber 171, passage
185, choke 184 to passage 161 and thence through choke
198 and passage 79 to auxiliary reservoir chamber 77
where it will maintain brake cylinder pressure through
port 80 as before. The flow capacity of choke 184 will
be limited "according to permissible leakage from the
brake cylinder device and therefore be so small as not to
create a bleed from the brake pipe in case of greater brake
cylinder leakage which would prevent prompt response
of the respective brake controlling valve devices and
brakes on other cars of a train to a change in brake pipe
pressure initiated by the train operator. It will be noted
that the choke 184 is in parallel with the normal charg-
ing communication by way of charging valve device 23
and therefore will be effective with the latter for charg-
ing a supply of auxiliary reservoir 3 initially as above
described as well as after an application of brakes, but
such effect will be substantially negligible due to the
reldtively smail flow capacity of said choke.

Release of brake application

In order to effect the release of a brake application
and to recharge the brake equipment with fluid under
pressure, fluid under pressure will be. supplied to the
brake pipe 2 and thence through passage 13, cut-out vaive
portion 7, and passage 14 to chamber 33 in the graduated
control portion 9 and thence to chamber 30 by way of
passage 31. When the pressure of fluid in chamber 39,
acting on one side of diaphragm 27 and brake cylinder
pressure in chamber 48 acting on diaphragm 45, create
a force on the diaphragm assemblage which will exceed
the opposing force created by control reservoir pressure
in chamber 28 acting on the opposite side of diaphragm
27, the diaphragm assemblage will move downward. If
the diaphragm assembly happens to be in application posi-
tion, the initial movement thereof will shift the follower
stem 32 to application lap position, otherwise all move-
ment will start from said lap position as soon as a suffi-
cient differential is obtained to move the follower stem
32 downwardly and thereby  uncover the seat 63 in the
upper end of said stem. With seat 63 uncovered fluid
under pressure in brake cylinder device 4 will flow to
atmosphere through pipe and passage 122, choke 189,
passage 190, chamber 172 in the service selector valve
device 26, passage 191, chamber 52 in the inshot valve
device 25, and passage 50 to chamber 51 in the graduated -
control portion 9, whence it will flow through passages 64
and 65, to -chamber 66 in the service selector valve de-
vice 26, passage 67, choke 68 and vent port 69.

As previously described in connection” with initial
charging of brake equipment, the pressure of fluid in the
brake pipe 2 will be increased more rapidly on cars ad-
jacent to the locomotive than on cars further back in the
train, - Consequently, if a.car is close to the locomo-
tive and the pressure of fluid in chamber 30 becomes
increased sufficiently against the drain thereof to the aux-
iliary reservoir 3 to create a downwardly acting force
which will overcome the force of spring 34 and control
reservoir pressure acting on diaphragm 27, the diaphragm
assernblage will be moved downwardly to effect a partial
closing of passage 14 and consequent restricting of fluid
under pressure to chamber 30 so as to balance the rate
of ‘increase therein against the force of fluid pressure in
chamber 28 acting on diaphragm 27, and thereby re-
stricting the recharge of the supply reservoir of the aux-
iliary reservoir 3. The passage 14 may even be closed
off completely near the front end of the train, whereupon
pressure in chamber 30 will be substantially unchanged
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while the diaphragm assemblage will be gradually moved
upward by control reservoir pressure in chamber 28 as
the opposing brake cylinder pressure in chamber 48 act-
ing on diaphragm 45 gradually decreases as just de-
scribed. Even when overcharge on the brake pipe at
the locomotive is terminated if the pressure obtained in
chamber 30 against the drain thereof to the auxiliary
reservoir 3 provides a force which can- overcome the
opposing fluid pressure -in chamber 28, the diaphragm
assemblage will move downward to permit such closing
of passage 14 as will be necessary to limit the rate of
increase in pressure in chamber 30 to the relatively slow
rate at which the auxiliary reservoir pressure can be
restored by way of choke passage 42, check valve 43 and
choke 184 as described above.

The effect of closing to a gréater or less degree of
the passage 14 in restoring the pressure of fluid in aux-
iliary reservoir 3, is therefore at the head end of the
train such as to limit the drawing of fluid under pressure
from the brake pipe so as to hasten flow of fluid under
pressure to the rear of the train for causing operation
of the brake controlling valve devices at the rear of the
train to their brake release position for also recharging
the auxiliary reservoirs there.

As fluid under pressure is thus released from the brake
cylinder device 4, the pressure of fluid in chamber 51
will reduce correspondingly and in case the restoration of
brake pipe pressure in chamber 48 is limited to some
chosen degree, brake cylinder pressure will continue to
reduce until its effect in chamber 48 on diaphragm 45 is
so reduced with respect to the. increase in brake pipe
pressure in chamber 30 that control reservoir pressure in
chamber 28 acting on diaphragm 27 will move the dia-
phragm assemblage and follower stem 32 upwardly to a
release lap position defined by contact of said stem having
valve seat 63 thereon with valve 72. 1In the release lap
position of the follower stem 32 communication will be
closed between the brake cylinder device 4 and the brake
cylinder release passage 50 to thereby limit the reduction
in pressure in said brake cylinder device in accordance
with the increase in pressure in the brake pipe 2.

In the manner just described, the pressure of fluid in
the brake cylinder device 4 may be graduated off in
such steps as desired by proper stepped increases in pres-
sure in the brake pipe 2 or in case the increase in pres-
sure in brake pipe 2 is continuous, a corresponding con-
tinaous venting of fluid under pressure from a brake cyl-
inder device will occur. When the pressure in the brake
pipe 2 and thereby in diaphragm chamber 36 finally be-
comes increased to within two or three pounds of the
normal pressure carried in the brake pipe, which pres-
sure is effective in control reservoir 6 and acting in cham-
ber 28 on diaphragm 27 in opposition to brake pipe pres-
sure in chamber 30, the diaphragm assemblage will be

held in its release position shown as the pressure in brake

cylinder device 4 and diaphragm chamber 4§ finally re-
duces to atmospheric pressure and a complete recharging
of the auxiliary reservoir 3 to the pressure in the brake
pipe.

When the pressure of fluid in the brake cylinder de-
vice 4 becomes reduced to.a substantially ineffective de-
gree, such as three and five-tenths pounds, the pressure of
spring 146 in the inshot valve device 25 will move dia-
phragm follower stem 123. upwardly, unseating valve 132,
which action will connect passage 134 to chamber 52 and
seating valve 127, thereby cutting off brake cylinder pas-
sage 128 from chamber 118, which chamber at this time
will be connected to atmosphere by way of passage 141,
chamber 146 and vent port 117. At the same time
chamber 140 will shift upwardly, thereby. connecting
passage 144 to atmosphere through passage 84, choke
145 ‘and passage 50, which passage. is connected to the
brake cylinder release passage 65 as previously described
and thereby venting quick service volume 109 to atmos-
phere. ‘
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1t will be observed that fluid under pressure will not be
released from the quick service volume 169 by way of
such communication until valve 132 is unseated in the
inshot valve device 25. This holding of fluid under
pressure in the quick service volume 109 until opening
of valve 132, which does not occur until a brake applica-
tion is- substantially fully released, will therefore prevent
undesirably initiating a quick service reduction in brake
pipe pressure and obtaining a consequent shock preducing
increase in brake application, if while releasing the op-
erator desires to reapply the brakes to a greater degree
and therefore reduces brake pipe pressure and causes op-
eration. of the quick service valve device 24 to its quick
service position. The quick service volume 109 being
still charged with fluid under- pressure there will be no
venting -of fluid under pressure from the brake pipe as a
result.

As will be readily apparent from the previous descrip-
tion, if a car provided with this brake equipment is'to be
operated in passenger service the handle 183 of the service
selector valve device 26 will be turned to passenger posi-
tion indicated in a broken line at the letter P, the cam
181 will be rotated in a clockwise direction thereby per-
mitting the spring 176 to actuate the piston valve 165 to
a lowermost position in which chamber 66 will register
with both passages 67 and 197.

DESCRIPTION OF FIG. 2

The structure shown in Fig, 2 differs from the struc-
ture shown in Fig. 1 in that a blanking plate 203 is
mounted on the pipe- bracket § in place of the brake
cylinder limiting valve device 8 shown in Fig. 1. This
blanking plate 203 establishes' a continuous connection
between auxiliary reservoir pipe 160 and auxiliary res-
ervoir supply passage 101 by way of a cavity 204 and
blanks . off a branch of brake cylinder passage 122, the
fluid pressure in which is used in the structure of Fig.
1 to control the operation of the limiting valve device
8. Another difference is that passage 29, which leads
to control reservoir 6 in Fig. 1 is now blanked off in
that direction and connected by way of an added pas-
sage 205 to an added cavity 206 in the pipe bracket 5
which registers with passage 101, thereby connecting
chamber 28 in . the control portion 9, which was con-
nected to control reservoir -6 in: Fig. 1, to auxiliary res-
ervoir 6 -by way of passages 29 and 205, cavity 206,
passage 101, cavity 204 and passage 160.

In.the control portion 9, communication of brake cyl-
inder pressure to chamber 48 is cut off by a choke plug
207 in the brake cylinder passage 50 and chamber 48
is connected to atmosphere by way of an added passage
208. Thus, brake cylinder pressure is eliminated as a
factor in controlling the operation of the control por-
tion 9 for effecting graduated brake applications and
brake releases. Another difference in the control por-
tion shown in Fig. 2 from that shown in Fig. 1 is that
that portion of auxiliary reservoir charging passage 42,
which is adapted to register with chamber 41 in Fig.
1, is cut off by a plug 209 in said passage, and a pas-
sage 210 is added, connecting with passage 42 and
adapted to register with chamber 41 in Fig. 2, at a point
more remote from the brake cylinder release valve 72
to thereby further insure the release valve 72 being un-
seated before the connection for charging auxiliary res-
ervoir 3 is established, With conditions otherwise, the
brakes might not be released with. the pressure - differ-
ential acting on diaphragm 27 becoming more unfavor-
able to initiating a brake release. Besides the connec-
tion through brake pipe supply passage 14, chamber
33 and passage 31 for supplying fluid under pressure to -
chamber 30, a direct connection between passage 14
and chamber 30 is provided by way of a passage 211,
which may be plugged. by suitable, means when grad-
uated release operation is desired, as will appear later.

When it is desired to effect an application of the



2,820,010

17

brakes, the pressure in chamber 30 is reduced. in. the_

same manner as described in connection with Fig. 1.
In this case, however, auxrhary reservoir pressure in
chamber 28 w1ll be controlling in effecting the respon-

sive upward movement of diaphragm 27 and follower

stem 32. Initial upward movement of the stem 32 will -

move the chamber 41 out of register with passage 210,
thereby first cutting off the charging supply to auxiliary
reservoir 3 and to diaphragm chamber 30. " Continued
upward movement of stem 32 will move follower stem
68 upwardly, bringing valve seat 63 into contact with
valve 62, thereby closing off the connection of the brake
cylinder device 4 to atmosphere as previously described,
and then connecting said brake cylinder device 4 to
auxiliary reservoir 3 by way of ports 80 and 76 con-
secutively in:that order, as previously described. In
this case, however, fluid under pressure supplied to
brake cylinder device 4 will not be supplied to cham-
ber 48 also. Consequently brake cylinder . pressure
will have no effect in bringing the control portion 9 to
a lap position. This lap position will be attained by
substantial equalization of brake pipe and auxiliary pres-
sures acting on opposite sides of diaphragm 27 in the
manner of the well-known triple wvalve such as

that shown and described in- Instruction Pamphlet No.

5030 for the “K” triple valve, issued in January, 1938
by The Westinghouse Air Brake Company, Wilmerding,
Pennsylvania.

In effecting a release of a brake application in-the
usual manner, fluid under ppressure supplied from the
brake pipe 2 .to passage 14 will flow to chamber 30

through passage 211, and also through chamber 33 and

passage 31. When brake pipe pressure in chamber 30
acting on the upper side of diaphragm 27 is increased
slightly in excess of aunxiliary reservoir pressure and pres-
sure of spring 34 acting on the lower side: of said di-
aphragm, the follower stems 32 and 60 will move down-
wardly, as in Fig. 1, moving valve seat 63 out of con-
tact with valve 72 and thereby. connecting brake cyl-
inder device 4 to atmosphere by the route previously
described in. connection with Fig. 1. Following this,
chamber 41 will be moved into register with passage
219 to again supply fluid under pressure from the brake
pipe 2 to the auxiliary reservoir 3. Since brake cylin-
der pressure has no part in effecting a release, as well
as an application, of the brakes, there will be no tend-
ency on the part of the control portion 9 to.go to a
lap position by a balancing between brake cylinder and
brake pipe pressures on one side against control reser-
voir  pressure “on the other side. Consequently, a re-

lease of the brakes will continue while auxiliary reser-.

10

15

20

25

30

36

45

50

voir 3'is charging to a pressure substanﬂally equal to

brake pipe pressure.

Now when it is desired to make the brake apparatus
shown in Fig. 2 to operate as a European brake appara-
tus, such as that shown in Fig. 1, a control reservoir
may be connected to -passage 29, and passage 205 may

be blocked off from auxiliary reservoir pipe 101 so: that.

control reservoir pressure is again effective in chamber
28. Also, a choke plug may be placed in passage 211
to block off the direct connection of chamber 30 to brake
pipe so that controlled charging only will be permitted
by way of chamber 33 and passage 31 when the rela-

tive pressures are such as to permit chamber 33 to reg--

ister ‘with- passage 14.  Also, choke plug 209 may be
removed so that passage 42 will again register with
chambér 41 to permit charging ‘of auxiliary reservoir 3
in release lap position of follower stem: 32. * Also, fluid
at brake cylinder pressure may be made effective in
chamber 48 by removing plug 209 and closing atmos-
pheric passage 208 with a plug (not shown)-mounted
in“screw-thread means 212. Thus brake cylinder pres-

sure will again be effectlve in obtalmng a graduated re-
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DESCRIPTION OF FIG. 3

The brake apparatus shown in Fig. 3 comprises'a man-:
ually operable changeover valve device 213 and a brake
cylrnder device 214-with the brake apparatus-shown. in
Fig.. 1 to provide a manually selective -empty and load
European type brake equipment. :

‘The brake cylinder device 214 may comprrse a casmg;
215 containing a piston 216, at one side of which is the .
usual pressure chamber 217, open to pipe 122, in which
fluid under pressure may act on said piston to move same
outwardly for applying the brakes. Upon release.of
fluid under pressure from chamber 217, a return spring-
218 is adapted to move plston 216 mwardly to a brake
release position in which: it is shown in Fig, 3-of . the -
drawings. A cylinder 219.encircling return spring 218 .
and attached at one end to prston 216 and slidably mount-
ed adjacent its opposite end in the casing 215 combines.
with said piston and casing to define a load compensating
chamber. 220, provided for the purpose of receiving fluid
under pressure from the changeover valve device 213 by
way, of pipe 221 to oppose the.action of fluid under pres-
sure in chamber 217 on piston 216. With a loaded ve-
hicle, chamber 220 will be connected to atmosphere by
the changeover valve device 213, as will be.described

? later, in order that the brakes on the vehicle will be ap-

plied to a degree governed solely by pressure of fluid in
chamber 217 acting on piston 216. With a vehicle empty.
a pressure of fluid will be provided in chamber 220 equal
to that in the chamber 217, whereby the degree of brak-
mg of the empty vehicle will be limited to the differential
in opposing fluid forces acting on piston 216.

. The..changeover valve device 213 comprises a casing
222 having a valve chamber 223 constantly connected -
by way of passage 224 to a branch of brake cylinder

-pipe 122 and may be connectéd by way of a bore 225

to-a chamber 226 formed in said casing and connected
through a passage 227 to pipe 221 leading to load com-
pensating chamber 220 in the brake cylinder device 214."
Contained in the chamber 223 is a valve 228 for control-
ling communication through the bore 225, which valve
is urged toward its seated. position by a spring 229 con-
tained in said chamber. A plunger 230 for actuating
valve 228 is slidably mounted in a suitable bore in a
partition wall 231 dividing chamber 226 from a chamber -
232 formed in casing 222 and open to atmosphere through
a vent port 246. The plunger 230 is provided with a
longitudinal passage 234, one end of which may be con-*
nected at one side of the plunger to chamber 232 and
the other end of which may be opened to:chamber 223
and closed by contact of valve 228 with the right-hand-
end of the plunger, as viewed in the drawing,

A shaft 235 is rotatably mounted in the casing 222
with its inner end extending into chamber 232 and having
secured thereto by means of a pin 236 a cam portion 237.
An inclined surface 238 of said cam portion 237 is adapted
to be engaged by the free end of a bearing portion 239
which is pivotally mounted at its other end on-a pin
240 anchored in the casing 222, The side of the free:
end opposite to that engaging the cam surface 238 abuts
the plunger 230 which is held in said abuiting contact
by a spring 241 contained in chamber 232. ‘A handle,
not shown,but-indicated at the solid line 242, is ngrdly
attached to the shaft 235 by means not shown and is:
positioned: for obtaining the requisite braking force for
an empty vehicle, the position being indicated to the op-
erator by the free end of the bearing portion 239 seating
in a notch: 243 formed in the.cam surface 238. The
handle position for braking a loaded vehicle is indicated
at the broken line 244, in which position the free end of
bearing portion 239 rests in a notch 245.

With the handle of the changeover valve device. 213
positioned at 242, as shown in Fig. 3, for braking an
empty vehicle the plunger 230 is held by the cam 237
through the medium of the bearing portion 239 in.con-
tact with the valve 228 which serves under the pressure
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of spring 229 to close the outer end of passage 234 so
that fluid under pressure in chamber 223 may not flow
‘. to atmosphere by way of said passage, chamber 232 and
an atmospheric vent port 246.. When an application of
the ‘brakes is effected fluid under pressure is supplied
through brake cylinder pipe 122 to chamber 217 in the
brake cylinder :device 214. Fluid under pressure thus
supplied to pipe 122 also flows through passage 224 to
chamber 223 and thence by way of bore 225, chamber
226, passage 227 and pipe 221 to load compensating
chamber 220 in the brake cylinder device 214. Thus,
for an’'empty vehicle the braking power for any degree
of brake application will be limited, with respect to a
loaded vehicle by an equal fluid pressure acting on the
area of piston 216 surrounding the cylinder 219 in op-
position to the brake applying force created by the pres-
sure of fluid in chamber 217 acting on the full area on
the opposite side of piston 219.

With the handle of the changeover valve device 213
positioned at 244 for braking a loaded vehicle the free
end of the bearing portion 239 will be seated in the notch
245 in the cam surface 238, in which position spring
241 will be permitted to hold the plunger 230 out of
contact with valve 228 and spring 229 will be permitted
to seat the valve 228. 1In this position of the plunger
230 load compensating chamber 220 of the brake cylin-
der device 214 will be connected to atmosphere through
pipe 221, passage 227, chamber 226, passage 234 in said
plunger, chamber 232 and vent port 246. With the load
compensating chamber 220 vented to atmosphere, the
degree of braking of the loaded vehicle will be governed
solely by the pressure of fluid in chamber 217 acting on
piston 216.

DESCRIPTION OF FIG. 4

The brake apparatus shown in Fig. 4 combines the
structure shown in Fig. 1 and a brake cylinder device
214 of the type shown in Fig. 3 with an automatic change-
over vilve device 247 and a strut device 248 for deter-
mining the operation of device 247 to automatically con-
trol the empty and load operation of the brakes.

For illustrative purposes the brake cylinder device 214
may be the same as that shown in Fig. 3 and the various
parts thereof are therefore indicated by the same reference
numerals.

The strut device 248 comprises ‘a casing 249 contain-
ing a horizontally movable piston 250, at the. left-hand
side of ‘which, as viewed in Fig. 4, is a pressure chamber
251 constantly open to a pipe 252 and also. adapted to
be opened by piston 250 to a pipe 253 in the outermost
position of said piston. Projecting outwardly from the
righthand side of the piston 250 is a rod 254 terminating
outside the casing 249 adjacent a rockable stop member
255. . A spring 256 contained in the casing 249 acts on
piston 250. for urging it inwardly to the position in which
it is-shown in the drawing.

The strut device 248.is shown adapted to be mounted on
a bogie, or single-truck, car similar to the type employed in
Europe, in which a leaf type spring 257 is used for support
of thé car body. One .end of this spring 257 is pivotally
connected by means of a pin 258 to the stop member 255
which serves as a spring shackle, being rockably mounted
on a portion 259 of the car body by means of a pin 260.
The upper end of the stop lever 255 is disposed adjacent
the outer- end of the piston rod 254 in such a manner
that, as the load increases, the stop lever 255 is rocked
in a clockwise direction about the pin 260 carrying the
upper end: of said stop lever in a direction away from
the piston rod. When the load on the car has been in-
creased. sufficiently to require increased braking- forces,
the stop lever 255 will have rocked far enough to permit
piston 250 to travel in its outward movement against
spring 256 in response to pressure of fluid supplied through
pipe 252 sufficiently to connect said pipe to pipe 253.

The changeover valve device 247 comprises a casing
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261 having slidably mounted therein a piston valve as-
semblage 262. arranged to be actuated by a piston 263
also slidably mounted in said casing. At one side of
piston 263 is a pressure. chamber 264 which is connecied
to chamber 251 in strut device 248 by way of pipe 252
and at the other side is a chamber 265 which is open
to atmosphere through a vent port 266 and contains a
spring 267 which constantly urges piston 263 outwardly
toward its empty position, in which it is shown in the
drawing. The piston valve assemblage 262 comprises a
plurality of pistons 268, 269, 270 and 271 formed inte-
grally on a common stem 272 with which is also formed
at its outer end a pair of annular locking collars 273, 274
in axial alignment with said pistons. A chamber 275
lies between pistons 268 and 269 and is arranged when
in load. position to bottle up the branch of passage 122
leading to the changeover valve device 247. A chamber
276 lies between pistons 269.and 270 and is arranged
to connect pipe and passage 122 to pipe and passage 221
in empty ‘position of stem 272 and to connect pipe 221
to atmosphere in load position. A chamber 277 lies be-
tween pistons 270 and 271 and is arranged to be open
to atmosphere via a vent port 278 in empty position and
to prevent leakage between chamber 276 and a chamber
279 at the outer side of piston 271, the latter chamber
being constantly connected to a. fluid pressure supply
passage 280.

The changeover valve device 247 further comprises a
cut-off valve device 281 and a locking mechanism 282
which comprises a piston 283 slidably mounted in the
casing 261 and having at its inner side a chamber 284
which is open to a passage 2835 leading to cui-off valve
device 281 and at its outer side a chamber 286 which
is open to atmosphere through a passage 287, formed in
a stem 288 for said piston, chamber 265 and vent port
266. Contained in chamber 286 is a spring 289 which
constantly urges piston 283 and thereby stem 288 toward
a position for locking relation with one or both of collars
273, 274 as the case may be. The outer end of the stem
288 extends through chamber 286 and is slidably mount-
ed in a bore 290 with which it takes part in defining a
chamber: 291 which is open to passage 280 leading to
cut-off valve device 281. ‘A check valve 292 is arranged
to close communication between chamber 291 and a
chamber 293 and be unseated by the. upper end cf stem
288 upon outward movement of piston 283. A spring
294 contained in chamber 293 urges check valve 292 in-
wardly toward its seated position.

- The cut-off valve device 281 comprises a piston vaive
295 contained in a chamber 296 formed in a portion of
the casing 261 and which is in constant communication
with brake pipe passage 14 by way of passage 297 and
a choked passage 298. The chamber 296 is closed at
one end by-a diaphragm 299 which is secured at its
center by screw-thread means 300 to one end of piston
valve 295 and which at the other side aids in defining
a-chamber 301 open to atmosphere through a vent port
302. - Contained in chamber 301 is a composite strut
member 303 which aids in securing diaphragm 299 in
place and supports a spring 304 interposed between -said
diaphragm and a somewhat larger diaphragm 305 like-
wise secured to said strut member as a closure for the
other end of chamber 301. Strut member 303 also serves
as a stop to-be contacted by a follower 306 to limit the
inward deflection of diaphragm 305 and by a follower
307 to limit inward deflection of diaphragm 299. At
the outer side of diaphragm 305 is a chamber 308 defined
in'part by a cap member 309 and constantly connected to
passage 285.

. Whenever. the pressure of fluid in brake pipe 2 is less
than a chosen degree, such as ten pounds, spring 304
will deflect diaphragm 299 against such pressure in cham-
ber 296 and thereby move piston valve 293 to a cut-in
position which may be defined by the engagement of a
follower plate 310, integral with said piston valve, with
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the. casing.
285 and-diaphragm chamber 308 will be open to brake
pipe 2 through chamber 296 and passages 297, 298 as
previously described, and spring 304 will initially be hold-
ing the diaphragm 305 in the position in which it is
shown in the drawing.

In initially charging brake pipe 2 with finid under pres-
sure, or upon charging said brake pipe following vent-
ing thereof to any pressure less than, for example, ten
pounds, fluid under pressure from said brake pipe will
flow to passage 14 in the manner described in connec-
tion. with Fig. 1, whence it will flow through choked
passage 298 and passage 297 to valve chamber 296 in
‘the cut-off valve device 281 and thence through a pas-
sage 311 to a volume reservoir 312 and to chamber 293
in the locking mechanism 282. Fluid under pressure
thus supplied to chamber 296 also flows through a pas-
sage 313 in piston valve 295 to an annular recess 314 in
said valve, whence it flows through passage 285 to dia-
phragm chamber 308 and to piston chamber 284 in the
locking mechanism 282. When a sufficient pressure of
fluid is thus obtained in piston chamber 284 to overcome
the opposing pressure of spring 289 on piston 283, said
piston will move outwardly against said spring, carrying
‘stem - 288 out of locking relation with collars 273, 274
on stem 272 to be followed by unseating of check valve
292 by the upper end of stem 288. Upon opening of
check valve 292, the volume of fluid under pressure pres-
ent in reservoir 312 will suddenly become effective by
way of passage 311, chamber 293, past check valve 292
and passage 280 in chamber 279 at the upper side of pis-
ton 271, as viewed in the drawing, thus insuring down-
ward movement of piston 263 to the position in which it
is shown in the drawing, chamber 264 being connected to
atmosphere through passage 253, a chamber 315 and a

vent port 316 in strut device 248. Fluid under pressure

supplied to passage 280 will also flow to chamber 251
in the strut device 248 and will move piston 250 out-
wardly against the pressure of spring 256 until such
movement is stopped by contact between piston rod 254
and stop lever 255.

If the vehicle is empty, this movement of plston 250
will be so limited as not to open pipe 252 to pipe 253
through chamber 251, whereby piston chamber 264 in the
automatic changeover valve device 247 will not be sup-
plied with fluid under pressure from chamber 251 and

the 'stem 272 will be held in its empty position, corre-

sponding to the empty condition of the vehicle, oy pres-
sure of fluid in chamber 279 and pressure of sprlng 267
in chamber 265.
If the vehicle is loaded, the spring 257 will be so dis-
- posed relative to the car body 259 as to extend the spring
horizontally and rock the lever 255 clockwise to a posi-
tion indicated by a broken line 317, in which the piston
250 will be permitted to move outwardly far enough
to ‘connect chamber 251 to pipe 253.  Fluid under pres-
sure supplied to chamber 251 will flow through pipe 253
to chamber 264 where it will act on piston 263 to urge
said piston in an inward direction. When the pressure
of fluid in chamber 264 becomes sufficient to overcome
the opposing pressure of spring 267 and of fluid in cham-
ber 279, piston 263 will move inwardly actuating the
piston valve assemblage 262 to load position in which

" brake cylinder pipe 122 will be cut off from load com--

pensating pipe 221 by piston 269, and pipe 221 will be

connected to atmosphere through chamber 276 and vent

port 278.

While the piston valve assembly 262 is being adjusted,
as above described, the pressure of fluid in brake pipe 2,
valve chamber 296 and diaphragm chamber 308 will be
gradually increasing. This increase in pressure in cham-
ber 308 acting on diaphragm 305 will cause same to de-
flect against spring 304 for correspondingly increasing
the pressure of said spring against diaphragm 299 to hold

the ‘diaphragm 299 against movement in response to the :

.In this position of piston valve 295 passage.

22 -
increasing pressure in chamber 296. Such deflection of .
diaphragm 305 will continue until the pressure in the
brake pipe 2 and acting on diaphragm 299 is increased
to a chosen degree, such as forty pounds, when it will
be stopped by contact of follower 306 with strut mem-

“ ber 383. Further increase in pressure in brake pipe 2~
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and chamber 296 will then deflect diaphragm 299 against
spring 304 until stopped by engagement of follower 307’
with strut member 393, such deflection of diaphragm 299
being sufficient to move piston valve 295 to a cut-off po-
sition.

In the cut-off position of piston valve 295 fluid under
pressure in chambers 284 and 308 will be connected to
atmosphere through passage 285, a chamber 318 -and a
vent port 319. TFluid under pressure in reservoir 312
and chamber 293 will flow to atmosphere at a relatively -
slower rate by way of pipe 311, a choke 320, chamber
318 and vent port 319. Fluid under pressure in cham-
bers 291 and 279 will be connected to atmosphere through’
pipe 280, a recess 321 in piston valve 295 and pipe 311.
Fluid under pressure in chamber 251 of the strut device
248 will be vented to atmosphere through pipe 252, pas-
sage 280, recess 321, passage 311, choke 320, chamber
318 and vent port 319. The venting of piston chamber
284 will permit spring 289 to actuate the stem 288 in-
wardly into a position of locking relation with the col-
lars 273, 274. If the piston assemblage 262 is positioned
for empty braking, the stem 288 will be positioned above’
collar 274. 1If the piston assemblage is positioned for
load braking, the stem 288 will be disposed below the
collar 273. Venting of diaphragm chamber 308 will per- .
mit the spring 384 to move the diaphragm 305 to the
position in which it is shown in the drawing for reducing’

-pressure of said spring to such a degree that diaphragm

299 and piston valve 295 will remain in the cut-off posi-
tion until brake pipe pressure in chambér 296 is- re-
diiced, subsequently, to a relatlvely lower pressure, such
as ten pounds.

With the piston assemblage 262 positioned for brak-
ing an empty car as shown in Fig. 4, fluid under pres-
sure supplied via passage and pipe 122 to the brake
cylinder pressure chamber 217 by operation of the brake.
controlling valve device 9, as previously described, wiil
flow through chamber 276 in the load compensating
mechanism 282 and pipe 221 to load compensating cham-:. -
ber 220 in the brake cylinder device 214. Thus, for an
empty car the braking power for any degree of brake will
be limited, with respect to a loaded or partially loaded ve-
hicle by an equal fluid pressure acting on the area of pis-
ton 216 surrounding the cylinder 219 in opposition to the
brake applying force created by the pressure of fluid in
chamber 217 acting on the full area on the opposite side
of the piston 216. :

‘When the piston assemblage 262 is positioned for brak-
ing a loaded car, the collars 273, 274 will be located above

“ the -piston stem 288, in which position plpe 221 will be

cut off from pipe 122 by piston 269 and pipe 221 will-be
connected to atmosphere by way of chamber 276 and vent
port 278, thereby venting the load compensating chamber
220 to atmosphere. With chamber 229 vented to atmos-
phere, the degree of braking of a loaded car will be gov-
erned solely by the pressure of fluid in'chamber 217 acting
on piston 216.

DESCRIPTION OF FIG. 5
The structure shown in Fig. 5 is provided for the pur-

- pose of reducing the braking forces on a car as the train

speed reduces and to that end differs from the structure
shown in Fig. 1 in that a compensating type brake cylinder
device 214, as shown in Fig. 3, is employed in place of

- brake cylinder 1 in combination with a magnet valve

device 322 which controls the supply and release of fluid
under pressure to the compensating chamber 220 of said
device according to the speed of the train. This magnet
valve device 322 maintains the compensating chamber 220



‘ 23
vented to atmosphere when the train is. being operated
at high speeds and connects same to the brake cylinder
pipe 122 when the train speed is reduced to a given value
so as to reduce the braking forces as the train speed
is reduced.

The magnet valve device 322 comprises a solenoid 323
which is adapted to.be energized by speed controlled
switch means (not shown) when. the train speed is above
a predetermined rate. =An armature stem 324 for sole-
noid 323 is arranged to contact a valve 325 contained in
a chamber 326 which is: always open to atmosphere
through:a vent port 327 and may be connected to a
chamber 328 which is always open through a passage 329
to a piston chamber 339. A stem 331 of valve 325 ex-
tends into chamber 328 where it contacts a stem 332 of
avalve 333, which controls communication between cham-
ber 328 and a chamber 334 in which it is contained and
which is connected to. brake cylinder pipe 122 through
a passage 335. A spring 336 acts on valve 333 to bias
said valve toward a seated position in which valve 325 is
unseated. A spring 337 contained in chamber 330 biases
a piston valve 338 toward a position in which a chamber
339, formed intermediate the ends of said piston valve,
connects a divided passage 348 to an atmospheric passage
341. The ‘pressure of spring 337 may be opposed by
pressure of fluid in a chamber 342 at the opposite end of
piston valve 338, which chamber is open to brake cylin-
der pipe 122 by way of passage 335. A check valve 343
permits flow of fluid under pressure only in a direction
from compensating pipe 221 to passage 349 while a choke
344 provides: a_constant relatively restricted communi-
cation between said passages.

In operation, when the movement of the train is below
a predetermined speed, the solenoid 323 will be deener-
gized, in which case valve 333 will be seated and valve
325 unseated by spring 336 as shown in the drawing,
thereby connecting chamber 330 to atmosphere through
passage 329, chamber 328, chamber 326 and vent port
327. When an application of the brakes is effected under
these conditions, fluid under pressure supplied to brake
cylinder pipe 122 will flow through passage 335 to cham-
ber 342. Since chamber 330 is connected to atmosphere
as just described, fluid: pressure in chamber 342 will over-
come the opposing pressure of spring 337 and actuate the
piston valve 338 downwardly to its lowermost position in
which fluid under pressure supplied to chamber 342 will
flow by way of passage 340, choke 344 and passage 221
to compensating chamber 220.  Consequenily the effec-
tive braking power will be reduced by the pressure of
fluid in chamber 228 acting in opposition to pressure in
chamber 217, as previously described in connection with
Figs. 3 and 4.

When the movement of the train is above a predeter-
mined speed, the solenoid 323 will be energized, actuating
the stem 324 downwardly against pressure of spring 336
to seat the valve 325 and unseat the valve 333. In this
position, fluid under pressure supplied to chamber 334
from brake cylinder pipe 122 will flow through chamber
328 and passage 329 to chamber 339, With pressures in
opposing chambers 330 and 342 equal spring 337 will
become effective to return piston valve 338 to the posi-
tion in which it is shown in the drawing. In this position
piston valve 338 will cut off communication between
chamber 342 and passage 3490, thus disconuecting brake
cylinder pipe 122 from the compensating chamber 228,
and chambeér 220 will be connected to atmosphere through
pipe 221, past check valve 343, and through passage 349,
chamber 339 and atmospheric passage 341. It will thus
be seen that, fluid pressure in main pressure chamber 217
will be unopposed in effecting an application of the brakes
when the train speed is above a predetermined degree.
When the train speed reduces below said predetermined
degree as a result of the brake application, the magnet
valve 322 will operate to the position shown in the draw-
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ing, in which fluid under pressure will again be supplied
to compensating chamber 220 when a brake application
is effected, as described above.

DESCRIPTION OF FiG. 6

The apparatus shown in Fig. 6 differs from that shown
in Fig. 1 in much the same way as does the apparatus
shown in Fig. 5, with the additional difference of having
another compensating type brake cylinder device 345 and
an added relay valve device 346. Fluid under pressure
is supplied from the auxiliary rservoir 6 to a main pressure
chamber 347 of the brake cylinder device 345, operating
under the control of the pressure of fluid supplied to the
main pressure chamber 217 of the brake cylinder device
214. The magnet valve device 322 is speed responsive
in the same manner as in Fig. 5. However, the supply
of fluid under pressure for the compensating chamber
220 and a compensating chamber 348 is derived from the
main supply of fluid under pressure to the brake cylinder
device 345.

The relay valve device 346 compriscs a diaphragm 349
clamped about its periphery between two. sections of a
casing 350, and combining therewith to define at one side
a chamber 351 which is always open io brake cylinder -
pipe 122 and at the other side a chamber 352 which is
always.open to atmosphere by way of a vent passage 353.
Contained in chamber 351 is a spring 354 which urges
diaphragm 349 downwardly toward a position in which
a spring 355 confined in a cage portion 356 of casing 356
is permitted to seat a release valve 357 to thereby close
communication between chamber 351 and a chamber 358
which is always open to a passage 359 leading to main
pressure chamber 347 in brake cylinder device 345 and
to magnet valve device 322. A follower stem 360 for
diaphragm 349 is provided with a collar 361 for unseat-
ing valve 357 in release position of said diaphragm. This
stem 360 extends through chamber 338 and abuts a supply
valve 362 which controls communication between cham-
ber 358 and a chamber 363 which is always open to
auxiliary reservoir 6 through a pipe 160. A spring 364
contained in chamber 363 copposes: downward movement
of follower stem 360 which will unseat supply valve 362.

In operation, fluid under pressure supplied to chamber
217 for effecting an application of the brakes also flows
to chamber 351 in the relay valve device 346. Upon a
certain degree of fluid pressure being attained in cham-
ber 351 diaphragm 349 will deflect downwardly against
the opposing force of spring 364 permitting spring 355 to
seat the release valve 357 and thereafter unseating supply
valve 362. Fluid under pressure supplied from auxiliary
reservoir 6 will then flow through chamber 358 and pas-
sage and pipe 359 to main pressure chamber 347 in brake
cylinder device 345 and will also flow by way of passage
335 to chambers 334 and 342 in the magnet valve device
322. With the magnet valve device 322 conditioned for
braking a car operating at low speed chamber 330 is con-
nected to atmosphere through passage 329, chambers 328,
326 and vent port 327 as shown in the drawing. Fluid
under pressure supplied to chamber 342 will actuate piston
valve 338 against pressure of spring 337 to its lowermost
position in which fluid under pressure will flow from
chamber 342 through passage 340, choke 344 and pas-
sage and pipe 221 to compeitsating chambers 220 and
348 of the brake cylinder devices 214 and 345, respec-
tively. In the same manner as previously described in
connection with Fig. 6, fluid pressure in chambers 220
and 348 will reduce the braking power of brake cylinders
214 and 345 to provide suitable braking for a car operat-
ing in the low speed range.

With the magnet valve device 322 conditioned for brak-
ing a car operating at high speed; fluid under pressure
supplied to chamber 334 will flow past valve 333 to
chamber 328, and thence through passage 329 to chamber
330. With fluid pressures on the opposite ends of piston
valve 338 being equal spring 337 will be effective in hold-
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ing said valve in the position in which it is shown in the
drawing, in which position compensating chambers 220
and 348 will be vented to atmosphere through passage
221, past check valve 343, passage 340, chamber 339 and
vent passage 341. Thus, fluid pressure in chambers 217
and 347 will be fully effective to provide. suitable braking
for a car operating in the high speed range.

SUMMARY

It will now be seen that I have provided a brake con-
trolling valve device of the graduated release type which
uses a centrol reservoir as a standard for gauging the
degree of brake application according to the amount of
brake pipe reduction, which will also provide for as uni-
form as possible application of brakes throughout a train
with minimum time interval between the start of applica-
tion at the front and rear of the train and also a minimum
time interval on each car between the initiation of the
reduction in brake pipe pressure and obtaining effective
braking, which will also provide for maintenance of brake
cylinder pressure from the auxiliary reservoir 6 and, after
equalization of pressures in auxiliary reservoir and brake
cylinder device, then from brake if a predetermined rate
is not exceeded, and which also provides for substantially
uniform recharging of brake equipments and release of
brakes throughout a train. -Moreover, the brake equip-
ment ‘is particularly adapted for use in trains where a
number of cars may not be brake equipped or equipped
with brakes which are cut out, the equipment ensuring
obtaining the above results even in such trains.

Having now described the invention, what I claim as
new and desire to secure by Letters Patent, is:

1. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an inshot commu-
nication for conveying fluid under pressure to and from
said brake cylinder device, valve means controlled by
pressure of fluid in said brake pipe and an opposing pres-
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sure operative upon a reduction in brake pipe pressure

relative to said opposing pressure to establish a quick
service communication for effecting a venting of fluid
under pressure from said brake pipe, a control. reservoir,
valve means responsive to release of fluid under pressure
from a chamber to establish a connection between said
brake pipe and control reservoir for charging said reser-
voir with fluid under pressure from said brake pipe and
operative by pressure of fluid in said chamber to disestab-
lish said connection, an inshot valve device controlled by
pressure of fluid in said brake cylinder device and opera-
tive when such pressure is less than a chosen degree to
supply fluid under pressure from said quick service com-
munication to said chamber and to connect said inshot

comimunication to said brake cylinder device and opera-.

tive when brake cylinder pressure is in excess of a chosen
degree to close off both said quick service communication

and said inshot communication, and a restricted com-.

munication constantly connecting said chamber to said
brake cylinder device.

2. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an inshot commu-
nication for conveying fluid under pressure to and from
said brake cylinder device, a quick service reservoir,
valve means controlled by pressure of fluid in said brake
pipe and an opposing pressure operative upon a reduc-
tion in brake pressure relative to said opposing pres-
sure to establish a quick service communication for
venting fluid under pressure from said brake pipe to said
quick service reservoir, a control reservoir, valve means

responsive to release of fluid under pressure from a cham-’

ber to establish a charging communication between said
brake pipe and control reservoir for charging said reser-

voir with fluid under pressure from said brake pipe and.

operative by fluid under pressure in said chamber to close
said charging communication, an inshot valve device
controlled by pressure of fluid in said brake cylinder de-
vice and operative when such pressure is less than a
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chosen degree to supply fluid at the pressure of fluid in
said ‘quick service reservoir to said chamber and to con-
nect said inshot communication to said brake cylinder
device and operative when brake cylinder pressure is in
excess of a chosen degree to close both said quick service
communication and said inshot communication, and a
restricted communication constantly connecting said cham-
ber to said brake cylinder device.

3. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, a brake cylinder
passage means through which fluid under pressure may
be conveyed to and from said brake cylinder device; a
brake controlling valve device operative upon a reduction
in brake pipe pressure to supply fluid under pressure to
said passage means and upon an mcrease in brake pipe
pressure to release fluid under pressure from said passage
means, flow restricting means in said brake cylinder pas-
sage means, an inshot communication in by-passing rela-
tion to said flow restricting means, a quick service reser-
veir, valve means controlled by pressure of fluid in said
brake pipe and an opposing pressure operative upon a
reduction in brake pipe pressure relative to said opposing
pressure to establish a quick service communication for dis-
charging fluid under pressure from said brake pipe to said
quick service reservoir, a control reserveir, valve means re-
sponsive to release of fluid under pressure from a chamber
to establish a charging communication between said brake
pipe and conirol reservoir for charging said reservoir with
fluid under pressure from said brake pipe and operative by
pressure of flnid in said chamber to close said charging
communication, an - inshot valve device controlled by
pressure of fluid in said brake cylinder device and op-
erative when such pressure is less than a chosen degree
to connect said quick service reservoir to said chamber
and to connect. said inshot communication to said brake
cylinder device and operative when brake cylinder pres-
sure is in excess of a chosen degree to close said quick
service . communication and said inshot communication,
and choke means connecting said brake cylinder passage
means to said chamber.

4. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an auxiliary re-
servoir, a brake controlling valve device controlled by
pressure of fluid in said brake pipe and an opposing
pressure and operative upon a chosen reduction in brake
pipe pressure relative to said opposing pressure to supply
fluid under pressure from said auxiliary reservoir to said
brake cylinder device and upon an increase in brake pipe
pressure to connect said brake cylinder device to atmos-
phere, an inshot valve device controlling a fluid pressure
supply communication to said brake cylinder device and
operative by a chosen brake cylinder pressure to close
said communication and in’ response to a lesser brake
cylinder pressure to open said communication, a con-
stantly open relatively restricted communication in by-
passing relation to said inshot valve device, a quick service
valve device controlled by brake pipe pressure and an
opposing pressure operative in response to less than said
chosen reduction in brake pipe. pressure to establish a
communication for effecting a quick service reduction in
pressure in said brake pipe, a control reservoir, charging
valve means having a normal position in which said brake
pipe is connected to said reservoirs and operative in
response to pressure of fluid in a chamber to a cut-off
position in which said brake pipe is disconnected from
said reservoirs, valve means controlled by said inshot
valve device for supplying fluid under pressure from the
last named communication to said chamber when the
pressure in said brake cylinder device is of said lesser
degree and to terminate such supply from the last named
communication when the pressure in said brake cylinder
device s in excess of a chosen degree, and a restricted
communication constantly connecting said chamber to
said brake cylinder device.

5. Ina fluid pressure brake apparatus, in combination,
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a brake pipe, a brake cylinder device, a brake controlling
valve device controlled by pressure of fluid in said brake
pipe and an opposing pressure and operative upon a chosen
reduction in brake pipe pressure relative to said opposing
pressure to supply fluid under pressure to said brake
cylinder device, an inshot valve device controlling a
fluid pressure supply communication to said brake cylin-
der device and operative by a cheosen brake cylinder pres-
sure to-close said communication and in response to a
lesser brake cylinder pressure to open said communica-
tion, a constantly open relatively restricted communica-
tion in by-passing relation to said inshot valve device,
a quick service valve device controlled by brake
pipe pressure and an opposing pressure operative in re-
sponse to a reduction less than said chosen reduction in
brake pipe pressure to establish a quick service cormmuni-
cation for effecting a quick service reduction in pressurc
in said brake pipe, a coatrol reservoir, an auxiliary reser-
voir, charging valve means inciuding a chamber always
open to auxiliary reserveir and having one position in
which said brake pipe is connected through a port to
said chamber and said chamber is connected through a
relatively - restricted port to said control reservoir and
operative in response to pressure of fluid in a control
chamber to another position in which said . ports arc
closed, valve means controlled by said inshot valve
device for connecting said quick service communication
to said control chamber when the pressure in said brake
cylinder device is of said lesser degree and to close said
quick service communication when the pressure in said
brake cylinder device is in cxcess of a chosen degree,
and choke means connecting said brake cylinder device
to said- control chamber.
6. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an auxiliary reser-
voir, a control reserveir, a brake controlling valve device
controlled by pressure of fluid in said brake pipe and
said brake cylinder device acting in opposition to pres-
sure of fluid in said control reserveir and cperative in
response to a reduction in brake pipe pressure to supply
fluid under pressure from said auxiliary reservoir to said
brake cylinder device, charging valve means including
a chamber always open to auxilidry reservoir and having
one position in which said brake pipe is connected through
a port to said’ chamber and.said chamber is connected
through a relatively restricted port to said centrol reser-
voir and operative in response {c pressure of fiuid in a
contrel chamber to another positicn in which said ports
are closed, choke means connecting said brake cylinder
device to said control chamber, and a limiting valve. de-
vice, normally establishing communication between said
auxiliary reservoir and said brake controlling valve device
and operative in response to a certain degree of pressure
in said brake cylinder device to disestablish said com-
munication,
7. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an auxiliary reser-
voir, a control reservoir, a brake controlling valve device
conirolled by pressure of fluid in said brake pipe and
said brake cylinder device acting in opposition to pres-
sure of fluid in said control reservoir and operative in
response to a reduction in brake pipe pressure to supply
fluid under pressure from said auxiliary reservoir to said
brake cylinder device, charging valve means having one
positicn in which said -brake pipe is connected to said
auxilizry reserveir and operative in response to pressure
of fluid in a chamber to ancther position in which said
brake pipe is cut off from said reservoir, choke means
connecting said brake cylinder device to said chamber,
a quick service valve device operative at one ‘time to
establish a communication for effecting a quick service
reduction in brake pipe pressure, valve means operative
at said one time to connect said communication to said
chamber and at anocther time to cut off said connection,
and a limiting valve device normally establishing com-
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munication between said auxiliary reservoir and said
brake controlling valve device and operative in response
to a certain degree of pressure in said brake cylinder
device to disestablish said communication.

8. In a fluid pressure brake apparatus, in combination,
a brake pipe, a brake cylinder device, an auxiliary reser-
voir, a control reservoir, a brake controlling valve device
controlled by pressure of fluid in said brake pipe and
said brake cylinder device acting in opposition to pres-
sure of fluid in said control reservoir and operative in
response to a chosen reduction in brake pipe pressure to
supply fluid under pressure from said auziliary reservoir
to said brake cylinder device, charging valve means hav-
ing a chamber and operative responsively to venting of
said chamber to one position in which said brake pipe is
connected to said auxiliary reservoir and- said control
reserveir and -operative in response to pressure of fluid
in said chamber to another positicn in which said brake
pipe is cut off from said reserveirs, choke means con-
necting said brake cylinder device to said chamber, a
quick service valve device controlled by brake pipe pres-
sure and an opposing pressure operative in rcsponse to
a reduction less than said chosen reduction to establish
a quick service communication for effecting a quick serv-
ice reduction in said brake pipc pressure, valve means
for connecting said quick service communication to said
chamber only when pressure of fluid in said brake cylin-
der device is below a predetermined degree, and a limit-
ing valve device normally permitting flew from said
auxiliary reserveir to said brake controlling valve device
and operative in response to a certain degree of pressure
in said brake cylinder device, greater than said prede-
termined degree, to prevent such flow.

9. In a fluid pressure brake apparatus, in combination,
a brake pipe, a control reservoir, an auxiliary reservoir,
a brake cylinder device, a brake controlling valve device
controlled by pressure of fluid in cne chamber acting
in conjunction with pressure of fluid in a second chamber
and in opposition to pressurc of fluid in a third cham-
ber and comprising valve means operative upon a reduc-
tion in pressure of fluid in said one chamber relative to
the pressure of fluid in said third chamber to an applica-
tion position to connect said auxiliary reserveir to said
brake cylinder device, operative upon a substantial res-
toration of pressure in said one chamber to a release
position ‘to connect said -brake cylinder device to atmos-
phere and operative upen brake cylinder pressure effecting
a balance in the aforesaid pressures to an intermediate
lap position in which both of said connecticns are closed,
cne conduit for conducting fluid under. pressure supplied
by said valve means from szaid cne chamber {0 said aux-
iliary reservoir when said valve means is in release posi-
tion or-lap position and adapted to be cut of by said
valve means upon movement from lap position to said
applicaticn position, a second conduit for conducting fluid
under pressure supplied by said valve means from said
one chamber to said auxiliary reservoir oniy whea said
valve means is in said release position and adapted to be
cut off by said valve means upon movemeni of said valve
means from said release position to said lap position, a
removable plug adapted to close communication through
said one conduit, one passageway connecting said brake
cylinder device to said second chamber, another passage-
way connecting said second chamber to atmasphere, plug
means adapted to close one passageway when the other
passageway is open, one communication means for con-
necting said control reservoir to said third charaber, an-
other communication means for connecting said auxiliary
reservoir to said one communication means, plug means
adapted to either close off said control reservoir from
said one communication means or close o said auxiliary
reservoir from said other communication means, one
passage means for supplying fluid under pressure from
said brake pipe to said one chamber, a second valve
means for controlling supply of fiuid under pressure from
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said one passage means to said one chamber operative
upon an increase in pressure in said one chamber rela-
tive to pressure of fluid in said third chamber to throttle
off said one passage means, a second passage means for
connecting said one passage means to said one ‘chamber
in by-passing relation to said second valve means, and re-
movable plug means adapted to close said second passage
means.

10. Ina ﬂurd pressure brake apparatus, in combination,
a brake pipe, a control reservoir, an auxiliary reservoir,
a brake cylinder device, a brake controlling valve device
having a casing and operable by pressure of fluid in said
control reservoir upon a reduction in pressure of fluid in
a chamber to supply fluid under pressure from said aux-
iliary reservoir to said brake cylinder device and by an
increase in pressure in said' chamber relative to pressure
of fluid in said control reservoir to release fluid under
pressure from said brake cylinder device, a conduit pro-
viding for flow of fluid under pressure from said cham-
ber to said auxiliary reservoir, a check valve in said con-
duit for preventing flow of fluid under pressure fromsaid
auxiliary reservoir to said chamber, and constant pressure
means biasing said check valve against flow of fluid under
pressure through said conduit from said chamber to said
auxiliary reservoir; two spaced apart flexible diaphragms
mounted in said casing in coaxial relation to each other
and subject on their respective adjacent faces to atmos-
pheric pressure and pressure in said chamber, the first
said diaphragm being subject on its opposite side to pres-
sure of fluid in said brake cylinder device and the second
said diaphragm being subject on its opposite side to pres-
sure of fiuid in said control ‘reservoir, a stem slidably
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lap position and-said brake cylinder device is pressurlzed
with fluid admitted from said supply reservoir.

" 12. The combination as set forth in claim 11, including
an initial-charge limiting choke interposed in said initial-
charging passageway, and a recharge limiting choke in-
terposed in said supply reservoir recharge passageway.
~13. In a fluid pressure brake equipment for a rail-
way train, in combination; a brake pipe subject during
initiation of a brake release to a temporary increase in
brake pipe pressure above a normal brake pipe pressure
which prevails while the brakes are released, a brake cyl-
inder device, a supply reservoir for storing fluid under
pressure for supply to said brake cylinder device to effect
a brake application, a control reservoir containing fluid
at a datum pressure equal to said normal brake. pipe
pressure, a spring-loaded check valve device having .its
outlet connected to said supply reservoir, a control valve
device controlling fluid pressure communication between
the inlet to said check valve device and said brake pipe,
operative, during release of fluid under pressure from
said brake cylinder device, responsively to preponderance
in pressure. of fluid in said brake pipe over that in.said
control reservoir to limit the pressure of fluid in said inlet
to a value substantially equal to pressure of fluid in said

‘control reservoir, and a cutoff valve device operative

upon release of fluid under pressure from said brake cyl-
inder device to establish restricted communication between
said supply reservoir and said brake pipe in by-pass of
said spring-loaded check valve -device.

14. In a-fluid pressure brake equipment for a railway
train; in combination, a brake pipe subject during initi-

ation of a brake release to a temporary increase in brake

mounted in a bore in said casing and connecting said

diaphragms to each other, a passageway connecting said
brake pipe to said bore, said stem comprising one means
controlling communication between said passageway and
said chamber and a second means controlling communi-
cation between said chamber and said conduit, said one
means being operative by a preponderance of force ex-
erted by fluid pressure in said chamber and said brake
cylinder device acting on the first said diaphragms over
that exerted by control reservoir pressure acting on the
second said diaphragm to either throttle or close the first
named communication and said second means being oper-
ative only by a preponderance of control reservoir pres-
sure to close off the second named communication.
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11.In a fluid pressure brake equipment, in combina-

tion; 'a brake -pipe, a brake cylinder device, a supply
reservoir for storing fluid under pressure for supply to
said brake cylinder device, a control reservoir, an initial-
charging passageway connected to said brake pipe, a cut-
off valve device adapted to assume a charging position
connecting the control and supply reservoirs one with
the other and both with said initial-charging passageway
during initial charging while:said brake cylinder device is
devoid of fluid under pressure and to assume a lap posi-
tion cutting off said reservoirs one from the other and
from said initial-charging passageway while said brake
cylinder - device is charged with fluid under pressure, a
supply reservoir recharge passageway connected to said
. supply reservoir, a spring-loaded check valve device hav-
ing its outlet connected to said recharge passageway, and
a control valve device controlling admittance of fluid
under pressure from said brake pipe.to the inlet of said
spring-loaded check valve device, said control valve de-
vice -being ‘operative respomsively to  preponderance in
pressure of fluid in said brake pipe over that in said con-
trol reservoir while said cutoff valve device is in its
charging position to ‘limit the pressure of fluid at said
inlet to a value insufficient to unseat said check -valve
device and operative to permit full realization of brake
plpe pressure in said inlet responsively to preponderance
in pressure of fluid in said control reservoir over that in
said brake prpe while said qutoff_ valve devrcg is in its
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pipe pressure above a normal brake pipe pressure which
prevails while the brakes are released, a brake cylinder
device, a supply reservoir for storing fluid under pressure
for supply to said brake- cylinder device to apply the
brakes, a control reservoir containing fluid at a datum
pressure equal to said normal brake pipe pressure, means, .
including a spring-loaded check valve device, controlling
during brake release a first communication between said
supply reservoir and said brake pipe, said means being
operatxve responswely to preponderance in’ pressure of
fluid in said brake pipe over that in said control reser-
voir to limit pressure of fluid attained in said supply
reservoir as a result of recharge flow of fluid under pres-
sure via said first communication to a value less than
pressure of fluid in said centrol reservoir, and cutoff valve
means operative upon release of fluid under pressure
from said brake cylinder device to establish a second com-
munication of lesser flow capacity than said first com-
munication, between said supply reservoir and said brake
pipe, independent of said first communication, to allow
said reservoir to be charged to a pressure equal to the
pressure carried in said control reservoir.

15. The combination as set forth in claim 14, includ-
ing one choke in said first communication to prevent a too
rapid drain of fluid under pressure from said brake pipe
to said supply reservoir during substantial recharge of
same, and another choke in said second communication to
reduce the tendency for said supply reservoir to become
overcharged during the final stage of its recharge when
pressure in said brake pipe is above said normal brake
pipe pressure.

16. The combination as set forth in claim 13, including
a-quick service valve device responsive to preponderance
in pressure of fluid in said supply reservoir over that
in said brake pipe to effect a reduction in pressure in said
brake pipe sufficient to cause a brake application.

17. 'The combination as set forth in claim 14, including
a quick service valve device responsive to preponderance
in pressure of fluid in said supply reservoir over that in
said brake pipe to -efféct a reduction in pressure in
said brake pipe sufficient to cause a brake application.

18. In a fluid pressure brake apparatus, in combination,
a brake pipe, a control reservoir, a supply reservoir, a



2,829,010

31

brake cylinder device, a brake controlling valve device
operative by pressure of fluid in said control reservoir
upon a chosen reduction in brake pipe pressure to supply
fluid under pressure from said supply reservoir to said
brake cylinder device. for effecting an application of
brakes and cperative upon restoration of brake pipe pres-
sure to release fluid under pressure from said brake cyl-
inder device, said brake controlling valve device having a
pressure chamber to which fluid under. pressure may be
supplied from said brake pipe and from which fluid
under pressure may be supplied to said reservoirs; and
piston valve means interposed between said brake pipe
and said pressure chamber operable by said brake con-
trolling valve device upon a certain excess of pressure
in said pressure chamber over control reservoir pressure
to restrict the flow of fluid under pressure from said
brake pipe to said pressure chamber according to the de-
gree of said excess.

_19.In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, brake controlling
means operable upon a reduction in brake pipe pressure to
supply fluid under pressure to the fluid pressure operable
means, two cocmmunications through which said fluid un-
de'r pressure flows from' said brake controlling means to
said fluid pressure operable means, choke means in one
of said communications, and an inshot valve device con-
!rolling the other of said two communications compris-
ing an inshot valve disposed in a first chamber open to the
portion of such communication connected to said brake
controlling means and adapted to seat to close said first
chamber from a second chamber open to the portion of
such communication which is connected to said fluid pres-
sure (_)perable means, movable abutment means connected
to said valve subject on one side to atmospheric pressure
and on the opposite side to, pressure of fluid in a third
qhan;ber, separate from said second chamber, and opera-
tive In response to a chosen pressure of fluid in said third
chamber to effect closure of said valve, and a restricted
passageway for conveying fluid under pressure from the
last named portion of said other communication to said
third chamber.

20. In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, brake controlling
means operable upon a reduction in brake pipe pressure
to supply fluid under pressure to the fluid pressure oper-
able means, two communications through which said
fluid under pressure flows from said brake controlling
means to said fluid pressure operable means, choke means
in one of said communications, and an inshot valve de-
vice cgntrolling the other of said two communications
comprising an inshot valve .disposed in a first chamber
open to the portion of such communication connected
to said brake controlling means and adapted to seat to
close said first chamber from a second chamber open to
the portion of such communication which is -connected
to said fluid pressure operable means, movable abutment
means subject on one side to.atmospheric pressure and
having at the opposite side a valve normally closing
communication between a.third chamber encircling the
seat for such valve and a fourth chamber within said
seat and operative in response to a chosen pressure of
fluid in said fourth chamber to unseat said valve, whereby
pressure of fluid in said fourth chamber becomes effective

in said third chamber to move said movable abutment .

means. to a chosen position, means venting said third
chamber with the last named valve seated and operative
to close off such vent upon movement of said abutment
means to said chosen position, means responsive to
movement of said abutment means to said chosen position
to seat said inshot valve, and a restricted communication
connecting said fourth chamber to the last named portion
of said other communication,

21. In a fluid pressure brake apparatus, in combina-
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tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, brake controlling
means operable upon a reduction in brake pipe pressure
to supply fluid under pressure to the fluid pressure oper-
able means, two communications through -which said
fluid under pressure flows from said brake controlling
means to said fluid pressure operable means, choke means
in one of said communications, and an inshot valve de-
vice controlling the other of said two communications
comprising an inshot valve disposed in a first chamber
open to the portion of such communication connected
to said brake controlling means and adapted to seat to
close said first chamber from a second chamber open to
the portion of such communication which is connected
to said fluid pressure operable means, a flexible diaphragm
subject on one side to atmospheric pressure and at the
opposite side to pressure of fluid in a third chamber, a
normally seated disc-like valve loosely associated with
the opposite side of said diaphragm controlling communi-
cation between said third chamber which encircles the
seat for such valve and a fourth chamber encircled by
said seat, and unseatable by a chosen pressure of fluid
in said fourth chamber to open said fourth chamber to
said third chamber whereby pressure of fluid becomes
effective over the fuel area of said opposite side of said
diaphragm to deflect same to- a chosen position, valve
means normally venting said third chamber and opera-
tive by movement of said diaphragm to said chosen posi-
tion to close such vent, means responsive to deflection of
said diaphragm to said chosen position to close said in-
shot valve, and a restricted communication connecting
said fourth chamber to the last named portion of said
other communication.

22. In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, brake controlling
means operable upon a reduction in brake pipe pressure
to supply fluid under pressure to the fluid pressure oper-
able means, two communications through which said
fluid under pressure flows from said brake controlling
means to said fluid pressure operable means, choke
means in one of said communications, and an inshot
valve device controlling the other of said two communi-
cations comprising an inshot valve disposed in a first
chamber open to the portion of such communication con-
nected to said brake controlling means and adapted to
seat to close said first chamber from a second chamber
open to the portion of such communication. which is
connected to said fluid pressure operable means, a flex-
ible diaphragm subject on one side to atmospheric pres-
sure and at the opposite side to pressure of fluid in a
third chamber; a normally seated disc-like. valve loosely
associated with the opposite side of said diaphragm con-
trolling communication between said third chamber which
encircles the seat for such valve and a fourth chamber
encircled by said seat, and unseatable by a chosen pres-
sure of fluid in said fourth chamber to open said fourth
chamber to said third chamber whereby pressure of
fluid becomes effective over the fuel area of said oppo-
site side of said diaphragm to deflect same to a chosen
position, a stern connected to said diaphragm and mova-
ble therewith in a bore, a passageway in said stem con-
stantly open at one end to said third chamber and at
the opposite end to atmospheric pressure at said one side
of said diaphragm with said disc valve seated and closed
by the wall of said bore upon deflection of said diaphragm
to said chosen position, means responsive to. deflection
of said diaphragm to said chosen position to close said
inshot valve, and a restricted communication connecting
said - fourth chamber to the last named portion of said
other communication.

23. In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, a control reservoir,
a supply reservoir, a brake controlling valve device oper-
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able in response to a chosen reduction in pressure in said
brake pipe below that in said control reserveir to supply
fluid under pressure from said supply reservoir to the
fluid pressure operable means, quick service means con-
trolled by pressure. of fluid in said brake pipe and an
opposing pressure opérative, upon less than said chosen
reduction in brake pipe pressure; to establish, independent
of said brake controlling valve device, a quick service
communication with said brake pipe through which quick
service venting of fluid under pressure from said brake
pipe is effected, and a valve device operative in response
to a chosen pressure of fluid supplied by said brake con-
trolling valve device to said fluid pressure operable means
to close said communication and thereby terminate quick
service venting of fluid under pressure from said brake
pipe. .

24, In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, means operable by fluid under pres-
sure to effect application of brakes, a control reservoir,
a supply reservoir, a brake controlling valve device op-
erable in response to a chosen reduction in pressure in
said brake pipe below that in said control reservoir to
supply fluid under pressure from said supply reservoir to
the fluid pressure operable means, quick service means
controlled by pressure of fluid in said brake pipe and
an opposing pressure operative, upon less than said chosen
reduction in brake pipe pressure, to establish, independent
of said brake controlling valve device, a quick service
communication with said brake pipe through which quick

“service venting of fluid under pressure from said brake
pipe is effected, and in inshot valve device controlling
said communication and also one of two other communi-
cations through which fluid under pressure flows from
said brake controlling valve device to said fluid pressure
operable means and operable in response to a chosen
pressure of fluid supplied by said brake controlling valve
device to said fluid pressure operable means to close both
of the communications controlled thereby. .

25, In a fluid pressure brake apparatus, in combina-

" tion, a brake pipe, means operable by fluid under pres-

sure to effect application of brakes, a confrol reservoir,

a supply reservoir, a brake controlling valve device op-

erable in response to a chosen reduction in pressure in
said brake pipe below that in said control reservoir to
supply fluid under pressure from said supply reservoir to
the fluid pressure operable means, quick service means
controlled by pressure of fluid in said brake pipe and

34

voir, means operable by fluid under pressure to effect

- application of brakes and upon release of fluid under

pressure release of brakes, a control valve device op-
erable by pressure of fiuid in said control reservoir upon
a reduction in pressure in a chamber to supply fluid
under pressure from said supply reservoir to the fluid
pressure operable means and by a chosen increase in

- pressure in said chamber relative to pressure of fluid in
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an opposing pressure operative, upon less than said chosen

reduction in brake pipe pressure, to. establish, independent:

of said brake controlling valve device, a quick service
communication with said brake pipe through which quick
service venting of fluid under pressure from said brake
pipe is effected, two communications through which fluid
under pressure flows from said supply reservoir to said
fluid pressure operable means upon said operation of said
brake controlling valve device; a choke in one of said
two communications, inshot valve means normally open-
ing the other of said two communications and said quick
service communication, and operative to close both of
such communications in response to a chosen pressure
of fluid in a chamber, and a choked communication open-
ing said chamber to the other of said two communications
at fluid pressure operable means side of said inshot valve
means.

26. In a fluid pressure brake apparatus, in combina-
tion, a brake pipe, a control reservoir, a supply reser-
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sajid control reservoir to release fiuid wuder pressure
from said fluid pressure operable means, said control de-
vice comprising a casing, two spaced-apart flexible dia-
phragms disposed in said casing in coaxial relation with
each other and subject on their adjacent faces to atmos-
pheric pressure and pressure in said chamber, respectively,
the diaphragm subject on one side to atmospheric pres-
sure being subject on its opposite side to pressure of
fluid in said fluid pressure operable means and the other
diaphragm being subject on its opposite side to pressure
of fluid in said control reserveir, a stem stidably mounted
in a bore in said casing and connecting said diaphragms
to each other, a passageway in said casing connecting
said brake pipe to said bore, said stem comprising means
controlling communication between said passageway and
said chamber and operative by preponderance. in force
developed by pressure in said chamber and fluid pressure
operable means acting on the respective diaphragms over
that created by pressure of fluid in said control reservoir
acting on the respective diaphragm to either throttle or
close said communication between said passageway and
chamber in accordance with the differential between the
two opposing forces, a communication including a choke
connecting said chamber to said supply reservoir, a-check
valve in the last named communication seatable by pres-
sure of fluid in the supply reservoir to prevent flow of
fluid under pressure through the last named communi-
cation from said supply reservoir to said chamber and
unseatable by a preponderance in pressure in said cham-
ber over that in said chamber to provide for flow of fluid
under pressure in the reverse direction from said chamber
to said supply reservoir for charging said supply reservoir,
and means for preventing unseating of said check valve
by a differential between the pressures in said supply
reservoir and chamber a chosen degree in excess of that
between the pressures in said chamber and control reser-
voir at which said control valve device operates to release
fluid under pressure from said fluid pressure operable
means.
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